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1 • INTRODUCTION 

1.1 STUDY PROGRAM 

The Bowline Point Generating Station uses a once-through cooling system to 
dissipate waste heat. In the cooling process, water from the Hudson River 1s 
pumped through condensers where heat is transferred from the ex:haust steam to 
the cooling water; the warmed water is then returned to the river. The two 
electrical power generating units at Bowline Point withdraw up to 1,452 m3/min 
(384,000 gallons per minute) of water from the Hudson River for cooling pur
poses. Aquatic organisms small enough to pass through the intake screens 
(9.5-mm bar mesh) may be carried through the cooling water systems (pumped 
entrainment) where they are exposed to abrupt changes in temperature and 
hydrostatic pressure, mechanical buffeting, and velocity shear forces. 
Determination of the abundance and survival of these entrained organisms is 
an important step in realistically assessing the potential ecological effects 
of power plant operation on the aquatic environment. 

Ecological Analysts, Inc. (EA) assessed entrainment effects at the Bowline 
Point plant at the population and ecosystem level between 1975 and 1979. 
These studies concentrated on the major components of the aquatic food web 
which may be subject to entrainment during part or all of their life cycle. 
The aquatic community of the Hudson River is primarily a detrital-based food 
web with energy inputs from watershed, terrestrial, and pollution inputs 
(McFadden 1977). Primary producers (phytoplankton, periphytic algae, and 
aquatic vascular plants) are limited by the high turbidity and, therefore, 
shallow light penetration in the estuary. Consequently, photosynthesis is 
generally restricted to the shallow surface zone (the upper 1-2 m). While 
phytoplankton do not play a major role in the overall energy budget of the 
Hudson River estuary, the group may be an important·food source for some 
higher trophic levels. Therefore, in conjunction with near-field distribu
tion and abundance studies (EA 1978a, ORU 1977), the effects of entrainment 
on phytoplankton were evaluated with respect to their role as primary pro
ducers during 1975 and 1976. 

Zooplankton serve as a middle link in the transfer of energy and materials 
through the food web. These organisms feed on both algae and detrital 
particles and subsequently provide food for higher trophic levels (other 
aquatic invertebrates and fish). Because of differences in size, abundance, 
and trophic relationships,zooplankton were separated into micro- (less than 
1 mm) and macrozooplankton and ichthyoplankton during these studies. Micro
zooplankton (e.g., copepods, cladocerans,and gastropod veligers) survival 
was examined during 1975 and 1976. Macrozooplankton (e.g., Gammarus spp. and 
Neomysis) survival was studied during 1975, 1976, and 1978, with the major 
emphasis on the most abundant taxa. Abundance and survival of ichthyoplank
ton were monitored during the primary spawning and nursery periods from 1975 
through 1979. 

Survival stUdies were conducted at the plant discharge and intake using a 
treatment-control experimental design. Intake samples provide an estimate of 
mortality associated with sampling stress while discharge samples are subject 
to entrainment and sampling stress. During 1975-1979, access to the discharge 
was gained through a standpipe apprOXimately 600 m from the end of the 
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discharge pipe. However, modifications to the sampling gear permitted 
access to the offshore submerged discharge diffuser during 1978 and 1979 to 
evaluate entrainment effects at the terminus of' the cooling water system. 
To assess latent mortality which might result from entrainment, organisms 
were held under ambient conditions. Similar to standard procedures for 
toxicity bioassays, this holding period was extended to 96 hours for macro
zooplankton and ichthyoplankton. Comparison of intake and discharge samples 
provided a means for estimating entrainment survival. When examination of 
the intake and discharge survival curves indicated that a difference existed 
(latent effect), entrainment survival estimates were based on the time at 
which the latent effect is manifest. Because of the short generation time 
for many of the phytoplankton and microzooplankton taxa the latent-effects 
holding period was shortened to 24 hours. 

Early ichthyoplankton abundance studies were conducted using O.5-m conical 
plankton nets at the intake. However, inherent difficulties of using nets 
to sample planktoniC populations at power plant intakes (i.e., low tow speed, 
stratification and patchiness of organisms, limitations on net size imposed 
by the intake structure, and dependability of sample volume measurements) 
led to the development (EA 1977a) of an automate!d pumped abundance sampler 
(AUTOSAM; U.S. Patent No.4, 145, 928) which was subsequently used from 1977 
through 1980 to sample from the plant discharge pipe. 

1 .2 SCOPE OF REPORT 

A series of reports (EA 1976, 1977b, 1978c, 1978d, 1979a) have detailed stud
ies conducted annually between 1975 and 1978. The objective of this report 
is twofold: (1) to provide an analysis of the 1979 studies on a level of 
detail comparable to the previous annual reports, and (2) to provide a summary 
analysis of the 5-year program of studies. Although some data summaries for 
1975 through 1978 are provided in the subsequent chapters and appendixes, the 
reader is referred to the earlier annual reports for more detailed information. 

The analytical chapters in this report have been separated by trophic group: 

Chapter 4 - Phytoplankton 
Chapter 5 - Invertebrate Zooplankton 
Chapter 6 - Ichthyoplankton 

The ichthyoplankton chapter provides a summary of the 1979 studies and an 
overview of the 1975 through 1979 studies for entrainment abundance and 
entrainment survival. 
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2. SUMMARY 

Studies were conducted by Ecological Analysts, Inc. between 1975 and 1979 to 
evaluate the effects on the aquatic community of entrainment in the once
through condenser cooling water system at the.Bowline Point plant. This 
evaluation examined effects at various trophic levels, including phytoplank
ton, invertebrate micro- and macrozooplankton, and ichthyoplankton. These 
studies have generally demonstrated small initial reductions in survival 
and/or productivity as a result of mechanical stresses of entrainment and 
negligible susceptibility to thermal stress under normal plant operating 
conditions. 

Analyses of various population and productivity parameters indicate that 
phytoplankton (which account for less than 1 percent of the energy budget 
for the lower Hudson River estuary) entrained at the Bowline Point plant may 
exhibit an initial 20-27 percent reduction in primary productive capacity at 
discharge temperatures below 33.5 C (the maximum temperature observed during 
these studies). No relationship between temperature and survival or pro
ductivity was observed at discharge temperatures in this range. The high 
reproductive rate and short generation time, typical of many phytoplankton, 
resulted in a rapid recovery of the community in the 24 hours following 
entrainment. It is possible that the sublethal temperature elevations 
experienced during entrainment may stimulate recovery of the community from 
the effects of mechanical stress. As a result of this recovery rate one 
would not expect to encounter any localized reductions or shifts in community 
composition as a result of entrainment, an observation supported by near
field surveys conducted in the vicinity of the Bowline Point plant and 
thermal plume (ORU 1977 and EA 1978a). 

Invertebrate microzooplankton (an important link in the transfer of energy 
between the producers and higher trophic consumers--e.g., fish larvae and 
juveniles) exhibited negligible entrainment effects during 1975 and 1976. 
While initial reductions of less than 16 percent were observed for the most 
abundant taxa, the high reproductive rates resulted in recovery to pre
entrainment densities within 48 hours following entrainment. Any mortality 
observed below 35 C could be attributed to mechanical stresses of entrainment. 
Since discharge temperatures above 35 C are rarely observed, no appreciable 
thermal mortality is anticipated. 

Gammarus spp., Neomysis americana, Chaoborus punctipennis, and Monoculodes 
edwardsi were generally the most abundant macro invertebrates entrained in 
1975, 1976, and 1978. Significant differences in survival among years 
observed for these major species reflected changes in the sampling design 
and schedule. Initial survival of these four taxa was generally not reduced 
at the discharge as a result of entrainment; however, delayed mortality 
(within 24 hours) resulting from entrainment produced significant reductions 
in discharge survival for Gammarus spp. and Neomysis. Entrainment survival 
(Se) typically exceeded 90 percent when discharge temperatures were below 
the lethal thresholds of the major macrozooplankton taxa. Survival of 
Gammarus spp. at the discharge was slightly higher during the two-pump full 
operating mode (97 percent) than during two-pump throttled (90 percent). 
Too few organisms were collected to evaluate the effects of circulator pump 
operation on survival of other taxa. 
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Thermal mortality is negligible for most of the major macrozooplankton taxa, 
since discharge temperatures at Bowline Point rarely exceed the TL50 for most 
of these taxa. A slight decrease in survival (approximately 5 percent) was 
observed between 34 and 36 C for Gammarus spp.> in 1975; however, no such 
decrease was observed in 1976 and 1978. Neomysis exhibited a sharp decrease 
in survival between 32 and 35 C with a median tolerance limit (TL50) of 34.8 C. 
The laboratory-predicted TL50 for thermal effEicts was 33.7 C (EA 1978b) for 
conditions simulating entrainment exposure. No temperature effects were 
observed for Monoculodes or Chaoborus which ha.ve TL50s of 36 C (Lauer et al. 
1974) and 42 C, respectively. 

The most abundant ichthyoplankton taxa entrain.ed at the Bowline Point plant 
are bay anchovy, Atlantic tomcod, white perch, and striped bass. Peak abun
dance for each species was generally observed for larvae near the YOlk-sac to 
post YOlk-sac transition. The time and duration of this peak is influenced 
primarily by ambient river temperature and the rate of the spring temperature 
rise which effects the time of spawning and growth for striped bass and white 
perch. The period of larval development for Atlantic tomcod (a winter 
spawner) is more extended than for the two Morone species and abundance was 
influenced more by movement of the estuarine-8alt front and their distribu
tion relative to that front. Peak bay anchovy spawning occurs in the higher 
salinity regions downstream of the Bowline Point plant and their abundance 
in entrainment samples is primarily a function of the extent and timing of 
the summer salt intrusion into the middle estuary. 

Comparison of the densities of entrained striped bass and white perch and 
regional river populations indicates that exposure of these two species to 
entrainment may be limited by their I" i verwide and local d istr ibu tion. Sur
veys by Texas Instruments, Inc. (TI) indicate that, during most of the 
entrainment season, 60 to 90 percent of the entrainable population of these 
two species is generally outside of the 12-mile river region in which the 
Bowline Point plant is located. Furthermore, peak entrained densities of 
these two species were much lower than those in the Croton-Haverstraw Bay 
region. Although plant densities of striped bass were similar to the less 
dense shoal strata and Bowline Pond transects, white perch were still less 
abundant in the plant than in the shoal or pond. 

The exposure of entrained ichthyoplankton to thermal stress during entrain
ment is limited by their seasonal and diel distribution. The peak period for 
the most abundant species and life stages typieally occurs well before the 
discharge temperatures reach the lab predicted TL50s (median tolerance limit) 
for these taxa. In addition, abundance is genE~rally highest between 2100 and 
0600 hours when the plant usually operates at less than 70 percent capacity, 
thus limiting the delta-T experienced by entrained ichthyoplankton. 

The sensitivity of striped bass and white perch to mechanical entrainment 
stress decreased as length increased. Survival of striped bass exceeded 
90 percent for fish greater than 11 mm. The importance of this fact for 
impact assessment is that survival of entrained striped bass approaches 
100 percent for the life stages (late post yolk-sac and early juvenile) 
during the period that year class strength is set (TI 1980a). While survi
val of both striped bass and white perch less than 8 mm was higher during 
plant operation with two pumps in the throt tIed mode than in the full mode, 
differences for larger larvae were not apparent. 
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No consistent decrease in mortality resulting from thermal exposure was 
observed for striped bass or white perch collected between 30 and 33 C (in 
the range of the thermal mortality threshold for these species). However, 
sharp decreases in sut\vival did occur above 33 C, as temperatures approach 
the laboratory predicted TL50. Similar to the response of larvae to mechan
ical stresses observed in these field studies, laboratory studies have shown 
an increase with length in the resistance of larvae to thermal.stress (Cada 
et ale 1980; EA 1978b, 1979b). This fact, as suggested by the abundance 
studies, is important for impact assessment since few larvae are collected 
near or above 33 C and most larvae collected in this temperature range are 
in the larger, more tolerant length groups. Therefore, the susceptibility 
of entrained striped bass and white perch to thermally induced mortality is 
negligible. 

Few Atlantic tomcod were collected above their incipient lethal temperature 
and survival of mechanical stresses during entrainment exceeded 93 percent. 

Ichthyoplankton survival studies conducted between 1975 and 1979 concentrated 
on survival of entrainment in the once-through cooling water system as 
reflected by sampling at the Bowline Point discharge standpipe. Sampling 
at the standpipe occurs approximately 600 m prior to discharge into the river 
through the submerged offshore high velocity diffuser and studies conducted 
in 1978 and 1979 generally indicate that no significant decrease in survival 
occurs as a result of transit between the standpipe and diffuser or discharge 
through the diffuser. 
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3. STUDY SITE 

3.1 SITE DESCRIPTION 

The Bowline Point Generating Station is situated on the west bank of the Hud
son River estuary, approximately 60 km (37.5 mi) north of the southern tip of 
Manhattan. This is the widest point in the river and is characterized by a 
relatively narrow shallow channel with wide shoal areas bordering each shore. 

Flow rates at this location, as in the lower estuary in general, are con
trolled predominantly by the tides. The tidal flow has an average rate of 
5,000 m3/sec compared with the freshwater discharge rate which ranges from 
a monthly mean of about 175 m3/sec during the summer drought to 1,750 m3/sec 
during spring freshet. 

Condenser cooling water is withdrawn from a small embayment of the estuary 
known as Bowline Pond and returned directly to the Hudson River through an 
offshore iet diffuser (Figure 3-1). Bowline Pond has a surface area of 
490,000 m. The maximum depth in the pond is 12-15 m. Pond water exchanges 
with river water through a small inlet, 60 m wide with a maximum depth of 
3-4 m. 

Physicochemical variables, such as water temperature and conductivity, influ
ence the temporal and spatial occurrence of ichthyoplankton, invertebrate 
zooplankton, and phytoplankton. The seasonal ambient river temperature pro
file in the viCinity of Bowline Point is typical of a temperate estuary. 
Daily water temperatures recorded at the Bowline Point plant intake reflect 
this pattern although they are occasionally influenced by recirculation of 
water from the discharge. (Figure 3-2 depicts 1979 water chemistry data as 
an example of annual trends.*) Because of its physical connection with the 
estuary, the pond is also subject to salinity intrusion. Salinity of the 
Hudson River near the Bowline Point plant ranges from fresh water to approxi
mately 8 ppt. Since the Bowline Point plant is located in the transitional 
portion of the estuary, conductivity is highly variable depending on fresh
water flow and tidal mixing (Figure 3-2; Table A-1 in Appendix A). Dissolved 
oxygen readings generally reflect the effect of seasonal ambient temperature 
variation on the solubility of oxygen in water (Figure 3-2 and Table A-1). 
The pH is relatively stable and ranges from 6.0 to 8.4 (Figure 3-2 and 
Table A-l). 

3.2 THE POWER PLANT 

The Bowline Point plant consists of two completely enclosed oil- or gas-fired 
steam-electric units, each having a net generating capability rating of 600 
MWe and a gross capability of 622 MWe (Table 3-1). Unit 1 began commercial 
operation in September 1972 and Unit 2 began commercial operation in May 1974. 

Each unit has a separate once-through cooling water system. The cooling water 
is pumped from an intake structure located on Bowline Pond (Figure 3-1). Each 

* Similar water chemistry data at the Bowline Point Plant can be found 
in EA 1976, 1977b, 1978d, 1979a. 
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TABLE 3-1 PLANT DESIGN DATA FOR EACH UNIT OF THE BOWLINE POINT PLANT 

Generator Characteristics 

Maximum generating capacity 
Cooling water flow rate: 

Condenser (maximum) 
Service 

Intake Characteristics 

Maximum approach velocity to screens 
Pipe diameter from intake to condenser 
Length of intake tunnel: 

Unit 1 
Unit 2 

Tunnel velocity (maximum) 

Discharge Characteristics 

Total length of discharge tunnel: 
Unit 1 
Unit 2 

Pipe diameter from condenser to 
discharge ports 

Tunnel velocity (maximum) 
Length of diffuser 
Number of diffuser ports 
Initial jet velocity 

620 MWe 

23.7 m3/sec (375,000 gpm) 
0.5 m3/sec (8,500 gpm) 

0.23 m/sec (0.77 fps) 
3.2 m (10.5 ft) 

400 m (1,310 ft) 
470 m (1,540 ft) 
3 m/sec (10 fps) 

860 m (2,820 ft) 
875 m (2,870 ft) 

3.2 m (10.5 ft) 
3 ml sec (10 fp s) 
67 m (220 ft) 
8 
4.6 m/sec (15 fps) 



intake bay is approximately 5 m (16 ft) wide and equipped with a bar trash 
rack, a 9.5-mm mesh vertical traveling screen, and a 700 m3/min (185,000 gpm) 
circulating water pump. The circulating water pumps for each unit can be 
operated individually or in combination. Circulating water flow and approach 
velocities at the bar racks vary with pumping mode: 

Total Flow at 
Mean Water Intake Approach 

Number of Elevation Velocity 
PumEs °Eerating m3/sec (gEm) m/sec (fEs) 

3 24.2 (384,000) 0.23 (0.77) 
2 20.0 (316,000) 0.18 (0.59) 

2 (throttled) 16.2 (257,000) 0.15 (0.49) 

The units normally operate in one of three modes of pump operation: two 
pumps throttled (140 x 1044m3/3day), two pumps full (172 x 104 m3/day), or 
three pumps full (209 x 10 m /day). 

The circulating water is pumped through the condensers where the excess heat 
of the system is transferred to the cooling water. The maximum condenser 
cooling water flow is 24.2 m3/sec (384,000 gpm). The circulating water is 
returned to the Hudson River about 400 m from the river shoreline where dis
persion of the heated water"s is effected by passage through submerged, multi
port, high-velocity diffusers constructed perpendicular to the river flow. 

Temperature elevations in the circulating water system are a function of 
generating load and coolant flow. For a given rate of heat rejection, an 
increase in cooling-water flow will decrease the transit time through the 
system and the delta-T to which the entrained organism is exposed. Maximum 
temperature/time regimes of exposure for standard pumping modes (Table 3-2) 
vary only slightly between Unit 1 and Unit 2. Electrical output required 
from Bowline Point is dependent upon electrical demands and, for this reason, 
temperature elevations observed in the condenser cooling water are generally 
lower than the predicted values. 
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'l'AJ:jLl!; j-L CALCULA'l'l!;J) MAXIMUM TlME-TEMPERATURE REGIMES OF EXPOSURE DURING TRANSIT 
THROUGH THE BOWLINE POINT PLANT COOLING WATER SYSTEM 

Unit 1 Unit 2 
T T 

Number of Transi t Jf1T dt Transit Jf1T dt 
Pumps Time T f1T a Time T f1T a 

_Qperating ____.sys~m SectiQ!L__ (min} i£L (C-min) (min) i£L (C-min) 

3 Intake - condenser feed 2.2 0.0 2.6 0.0 
Condenser feed - effluence 5.3 8.3 44.0 5.4 8.3 44.8 

2 Intake - condenser feed 2.7 0.0 3.1 0.0 
Condenser feed - effluence 6.4 9.8 62.7 6.5 9.8 63.7 

2 (throttled) Intake - condenser feed 3.3 0.0 3.9 0.0 
Condenser feed - effluence 8.0 12.1 96.8 8.1 12.1 98.0 



4. EFFECT OF ENTRAINMENT ON PHYTOPLANKTON 

4.1 INTRODUCTION 

This chapter summarizes studies conducted at the Bowline Point Generating 
Station in 1975 and 1976 to evaluate the effects of entrainment on phyto
plankton. Phytoplankton productivity constitutes only about 0.24 percent of 
the primary input to the energy budget of the lower Hudson River (EA ·1978a) 
while terrestrial watershed and pollutional input contribute 99 percent. 
Although phytoplankton may contribute minimally to the total energy budget 
of the estuary their potential value to speCies or life stages at higher 
trophic levels makes evaluation of phytoplankton entrainment important. 

These studies were conducted to determine the survival and primary productive 
capacity of the total phytoplankton community entrained into the cooling 
water system of the Bowline Point plant. Numerous parameters have been 
examined addressing the effects of entrainment on phytoplankton. Most of 
these parameters address the effects of entrainment of phytoplankton and 
their role as producers (converting soluble inorganic molecules into organic 
material through photosynthesis using sunlight as an energy source). Param
meters related to this photosynthetic role include primary productivity rate 
(measured by carbon-14 uptake); levels of essential photosynthetic pigments 
(chlorophyll a); and levels of cellular adenosine triphosphate (ATP, the 
internal energy source for photosynthesis. and other metabolic functions). 
When these parameters are considered in conjunction with abundance and 
measures of condition (fluorescence microscopy) they provide a basis for 
the evaluation of entrainment effects. The parameters monitored during 
each year are listed in Table 4-1. . 

4.2 METHODS _ 

If the sampling procedures used at the intake (control) and discharge are 
the same, consistent differences observed between the two stations can be 
assumed to result from entrainment. Since recirculation of cooling water 
can range from 11.6 to 14.8 percent (LMS 1978, EA 1977d), a control station 
in the river, away from the immediate influence of the plant, was sampled 
during 1975 to evaluate the use of the intake station as a control to compare 
with the discharge. The phytoplankton parameters were measured initially 
and 24 hours after collection. The 24-hour observations provide information 
on latent effects of entrainment on recovery of the community which may not 
be exhibited immediately following entrainment. The initial and 24-hour 
measurements provide independent evaluations of entrainment effects. 

The sampling schedule was designed to account for seasonal variation in 
speCies compOSition, ambient physicochemical conditions, and plant thermal 
discharge. Surveys were conducted in June, August,and November of 1975 and 
monthly from April through November 1976. 

Duplicate, whole-water samples were taken at each sampling station on each 
sampling date (four days per season in 1975 and twice monthly in 1976). 
Equal volumes of mid-depth and surface samples were composited at the river 
control station. Water was taken from just below the surface and near 
the bottom at the intake and from the discharge standpipe at the discharge 

4-1 



TABLE 4-1 PHYTOPLANKTON PARAMETER STUDIES AT THE 
BOWLINE POINT PLANT, 1975 AND 1976 

1975 1976 
Initial 24-Hour Initial 24-Hour 

C-14 Productivity X X X X 

Density X X X 

ATP X X 

Chlorophyll ~ X X X X 

Fluorescence X X 



station. Temperature, tidal stage, and time of collection were recorded 
for each sample. Twelve liters of water from each station was stored in a 
plastic bucket with an airtight lid and then processed at the onsite labora
tory. Initial processing (discussed later for each major parameter) was 
performed within 1 to 6 hours after collection. When initial processing 
was completed, the buckets were resealed and held in black incubation troughs 
supplied with flow-through ambient water for determination of latent effects. 
Latent effects were observed from 24 to 30 hours after collection, depending 
on the technique or parameter being evaluated. The incubation troughs were 
exposed to direct sunlight and contained two recording pyrheliometers to 
measure light intensity. Water was pumped to each trough from near the 
plant intake. Temperatures within the troughs remained within 0.5 C of the 
ambient intake water. 

4.2.1 Primary Productivity 

The rate at which organic material is synthesized ·from inorganic carbon 
(primary productivity) was measured by determining the rate of uptake of the 
radioisotope, carbon 14. From each composite water sample, 100 ml of wa~er 
were placed in each of four BOD bottles. Each bottle had 0.5 ml of NaH' C03 
(activity 1 ~Ci/ml) added. Two of the four bottles were wrapped with alumi
num foil to block out all light and the other two unwrapped bottles were 
exposed to the light. The bottles were randomly inserted in the flow-through 
troughs and incubated at ambient (intake) water temperature for a minimum of 
four hours. Temperature, pH, salinity, and inorganic carbon (available for 
algae productivity) were measured at the beginning of incubation. 

Following incubation, the contents of each light bottle were filtered through 
0.45-~m filters and placed in labeled liquid-scintillation vials filled with 
"cocktail fluor." After fil tra tion of the light bottles, the procedure was 
repeated for the dark bottles. . Two liquid scintillation vials (blanks) were 
inoculated with 0.1 ml of the radioactive carbon solution simultaneous with 
the samples. These two vials served as the measure of the concentration 
(activity) of the radioactive carbon material. 

Samples were counted in a Packard Tricarb, Model No. 3375 liquid scintilla
tion counter. The observed counts per minute were corrected for internal 
count absorption (quenching). These corrected counts were converted to pro
duction rate in milligrams of carbon per liter per hour (mg C/1/hr) the 
equation: 

(
DPM1 - DPMct) (C) (Vi (ID)) 

DPMi Vf 
Rate 

incubation time (hours) 
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where 

DPM1 = counts per minute; light bottle 
I 

DPMd = counts per minute; dark bottle 
= counts per minute; inoculated DPM~ 
= carbon available as ppm inorganic··'::Jarbon 

V· = volume inoculated in ml 
V~ = volume filtered in ml 
ID = isotope discrimination factor ( 1 .05) • 

4.2.2 Chlorophyll a Determination 

Because chlorophyll ~ is the primary pigment involved in the photosynthetic 
process, determination of its concentration provides a measure of photosyn
thetic rate and biomass. From each sample, 10 ml of water werefil tered 
through a Reeves Angel 984H filter pad. The -filter pad was then macerated 
in 90 percent acetone for approximately one minute with a motorized tissue 
grinder. This suspension was filtered a second time and the extract was 
adjusted to a final volume of 10 ml with 90 percent acetone. 

The fluorescence of the acetone extracts was measured and recorded for three 
colored glass filter combinations in a Turner Model 111 fluorometer. The -
acetone extracts were then acidified and afte]:" a 2- to 3-minute delay, were 
reread in the fluorometer for the three fil tel:" combinations. The concentra
tion of chlorophyll a was calculated by the method of Loftus and Carpenter 
(1971) and Moreth and Yentsch (1970). 

The fluorescence of a standard solution was p'eriodically read as a calibra
tion check on the instrument. Ethidium bromide solutions (2-mg/i in distilled 
water) were used as the standard. 

4.2.3 Adenosine Triphosphate (ATP) 

The measurement of ATP is an indication of viable biomass in that ATP is 
present in living cells and is not found in dead cells or associated with 
detrital material (Holm-Hansen and Booth 1966). From each mixed sample, 
1 liter of water was fil tered through a 363-l1m mesh net to remove large zoo .... 
plankton. Four 200-ml aliquots of the filtrate were passed throughglass
fiber fil ters at a vacuum pressure of less than 5 psi. The fil ters were 
immersed into a vial of boiling TRIS (1~5 C) for 5 minutes to inactivate 
enzymes and complete ATP extraction. The vial was then capped and fro-zen 
at -20 C until laboratory analysis. The laboratory process involved the 
firefly luciferase assay as described by Chappelle etal. (1975). This 
procedure is done by injecting a volume of the sample into a luciferase 
preparation, and reading the quanta of light emitted. The instrument used 
to measure light emission was a Lab-Line Model 9140 ATP photometer. 

4.2.4 FLUorescence Microscopy 

Chlorophyll fluoresces when exposed to ultraviolet light and the intensity 
of the fluorescence can be used as a measure of the effect of sublethal 
stress (Lanza and Cairns 1972) on the relative health of the population. 
An aliquot of whole water was fil tered through a gridded filter at less than 
1 psi. The filter was mounted in water and microscopically examined • The 
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· organisms were separated into: diatoms, green algae, blue-green algae, 
flagellates, and others; and their live physiological condition (based on 
the coloration of the autofluorescence of chlorophyll) was recorded. Bright 
red autofluorescence denoted a healthy condition; orange-pink, a semi
healthy condition; and pale yellow-green, an unhealthy condition. Dead 
organisms do not fluoresce and thus were not detected by this method. 
The percent of healthy phytoplankton surviving entrainment was estimated by 

Pe = 100 x Pse 
Ps 

where 

Pe = proportion healthy following entrainment 
Pae = proportion healthy following entrainment and sampling (discharge) 
~s = proportion healthy following sampling (intake) 

This calculation corrects the proportion healthy at the discharge for sublethal 
damage incurred during sampling as reflected by the intake samples. 

4.2.5 Photoplankton Density 

From each sample,approximately 900 ml of whole water were preserved with 
10 ml of Lugol's solution. From each preserved sample an aliquot was drawn 
through a 1.2-~m gridded filter with a vacuum pump operating at a suction 
'level of 7 psi or less. The filters were allowed to air dry at room tempera
ture before they were cleared and permanently. mounted on microscope slides. 

Approximately 300 algae were identified and counted per sample. Each cell 
was counted as a unit for diatoms and other single cell forms; colonial and 
filamentous algae were counted as a single unit p.er colony or filament. Only 
those cells, colonies, or filaments appearing to have normal shaped and 
located chromatophores (or coloration in the case of blue-green algae) were 
counted. 

4.2.6 Analytical Procedures 

Primary productivity, chlorophyll .§. concentration, ATP, fluorescence, and 
density data were statistically examined using analysis of variance for 
replicated data. Sampling days were nested by month. Program P2V of BMDP 
(Dixon and Brown 1977) which grouped data by month and sampling location 
(intake or discharge) was used to evaluate seasonal and station differences 
for significant entrainment effects. 

4.3 RESULTS 

The phytoplankton community sampled was similar between the intake and 
discharge stations for each season sampled (Appendix B). Diatom species 
dominated the community in both 1975 and 1976 with green, blue-green, and 
flagellate species collected in much lower abundance (EA 1976 and 1977b) 
except in July and September of 1976. 
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Generally 2 to 5 species accounted for more than 50 percent of the organisms 
collected during each season. The species diversity was similar in both 
years with 140 and 123 species collected in 1975 and 1976, respectively 
(EA 1976 and 1977b). 

No significant (p > 0.05) differences in phytoplankton densities were found 
between the river and the Bowline plant intake during 1975 (EA 1976). This 
lack of difference between the river and intake and the similarity of the 
seasonal trends in the community support the use of intake samples as con
trols for the evaluation of entrainment effect:s. Consequently, samples were 
collected only at the intake and discharge stations during 1976. 

Seasonal changes in the phytoplankton .:lommuni ty were consistently the most 
significant (p<0.001) factor contribut:lng to the variability observed for 
all of the productivity and condition parameters examined (Table 4-2). The 
sampling location was a significant source of variability in initial samples 
for density, chlorophyll~, ATP, and fluorescence but not for primary produc
tivity. Although the significance of :Location increased for primary productiv
i ty, it decreased for the other four parameters during the 24 hours following 
entrairutlent. 

The location effect identified by analysis of variance (Table 4-2) was gener
ally observed as a trend toward reduced productivity, density, and condition 
at the discharge station (Table 4-3, Figures 4-,1 to 4-5). Primary producti v
ity (Figure 4-1) exhibited an initial a,nnual average reduction of 23 and 20 
percent at the discharge in 1975 and 1976, respectively; densities for the 
same periods were reduced 27 and 23 percent (Figure 4-2). Chlorophyll a, 
ATP concentration, and fluorescence (percent healthy) exhibited reductions 
of 27, 21, and 7 percent during the individual years when these data were 
recorded (Figures 4-3 to 4-5). 

Although measurements made 24 hours following entrainment showed reductions 
at the discharge, the reductions were considerably smaller than observed ini
tially (Table 4-3). Primary productivity was only 6 and 16 percent lower at 
the discharge 24 hours after entrainment in 1975 and 1976, respectively. The 
associated density reduction was 9 perc,ent in 1975; density was not measured 
at 24 hours in 1975. Discharge reductions at 2J~ hours in ATP, chlorophyll~, 
and fluorescence were 12, 22, and 2 per':lent, respectively. 

Autofluorescence in discharge samples corrected for condition of controls 
(intake samples) indicates that 93 percent of the surviving phytoplankton 
are in a healthy condition immediately following entrainment. At 24 hours 
following entrainment the number of hea:~ thy organisms had increased to 98 
percent. 

4 .4 DISCUSS ION 

The phytoplankton community at the Bowline Point plant exhibits strong sea
sonal fluctuations in condition and primary productive capacity consistent 
with those patterns expected in a temperate zone estuary. Primary productiv
ity (mg of inorganic carbon fixed i/hr), concentrations of chlorophyll ~ and 
cellular ATP, phytoplankton density, and healthy proportion generally increase 
from a minimum in the spring to early summer peaks and then decrease to low 
levels in the late fall. The parallel intake and discharge curves (Figures 
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TABLE 4-2 SUMMARY OF ANALYSIS OF VARIANCE F VALUES FOR PHYTOPLANKTON 
ENTRAINMENT STUDIES CONDUCTED AT THE BOWLINE POINT PLANT, 
1975 AND 1976 

Observation 
Year Interval 

1975 Initial 

24-hour 

1976 Initial 

*p < 0.05 
**p < 0.001 

24-hour 

Parameter 

Primary productivity 
Chlorophyll §; 

Density 

Primary productivity 
Chlorophyll §; 
Density 

Primary productivity 
ATP 
Density 
Fluorescence 

Primary productivity 
ATP 
Density 
Fluorescence 

F 
Location Month 

2.22 22.76** 
26.37** 133.73** 
22.34** 39.08** 

6.26* 58.46** 
0.98 20.18** 
5.84* 76.23** 

1.80 16.76** 
35.07** 52.62** 
37.88** 75.48** 
7.06* 33.88** 

21.63** 32.76** 
1. 73 22.81** 

Not measured 
0.35 21.10** 



TABLE 4-3 PERCENT DECREASE IN PHYTOPLANKTON PARAMETERS BETWEEN 
INTAKE AND DISCHARGE STATIONS AT THE BOWLINE POINT 
PLANT, 1975 AND 1976 

Percenta6e Chan6e 
1975 1976 

Parameter Initial 24-Hour Initial 24-Hour 

Primary productivity 23.0 6. 1 19.7 15.5 

Density 27.0 8.5 23.2 

Chlorophyll.§: 26.6 22.0 

ATP 20.8 11.9 

Fluorescence 6.7 1.8 
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Figure 4·1. Primary productivity (mg C/Q/hr) measured at the intake and discharge, initially 
and 24·hours following entrainment at the Bowline Point plant, 1975-1976. 
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Figure 4-2. Density of phytoplankton measurE,d at the intake and discharge, initially and 
24-hours following entrainment at the Bowline Point plant, 1975-1976. 
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4-1 to 4-5) for all five of these parameters indicate that entrainment does 
not tend to alter these natural seasonal trends. 

The observed trend toward lower primary productivity, density, ATP, and chlo
rophyll a at the discharge indicates that entrainment causes an initial 20-27 
percent reduction in the overall productive capacity of the phytoplankton com
munity. The community exhibits relatively rapid recovery from entrainment 
wi th the effec ts on primary produc ti vi ty, density, and ATP being reduced from 
20 to 27 percent initially to 6 to 16 percent at 24 hours. The magnitude of 
these reductions was not associated with discharge temperatures or delta-T 
which did not exceed 33.4 C and 12.6 C, respectiyely, during this study. 
It may therefore be concluded that the observed reductions are primarily a 
result of the mechanical stresses associated with entrainment and that no 
additional thermal effects may be expect/3d at thl~ Bowline Point plant when 
discharge temperatures are below 33.5 C. This conclusion is consistent with 
the results of thermal tolerance stUdies conductl~d by New York Uni versi ty 
(NYU 1974) which predicted no thermal mortality below 38 C. 

The portion of the phytoplankton community which initially survives entrain
ment exhibits minimal physical damage as a result of the experience. Fluor
escence microscopy indicates that 93 pereent of the live organisms are healthy 
following entrainment. Since a high peroentage of entrained phytoplankton 
surviving entrainment are healthy it is unlikely that any latent effects of 
entrainment would be observed. In fact, the healthy condition and short 
phytoplankton generation times promote rapid recovery reflected by the sharp 
increase in ATP, photosynthetic pigments" and plankton density observed 
within 24 hours of entrainment. 

In summary, entrainment of phytoplankton through the Bowline Point plant may 
result in a 20-27 percent initial reduction in the primary productive capa
city of the entrained population when di~3charge temperatures are below 33.5 C. 
No relationship between reduced productivity and discharge temperatures was 
observed up to 33.4 C (the maximum temperat1..!re rE!corded during these studies). 
Consequently, no thermal effects are expE!cted as a result of normal plant 
operation when discharge temperatures remain below 33.5 C. Much of the 
reduction in productivity due to mechanic!al stress is mitigated by the rapid 
recovery of the population and increases in density associated with the 
short generation time of most phytoplankton species. 
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5. INVERTEBRATE ZOOPLANKTON ENTRAINMENT 

5.1 INTRODUCTION 

Invertebrate zooplankton fill an important link in the transfer of energy and 
organic material through the food web. Some of these taxa feed on both algae 
and/or detrital particles and subsequently provide food for larger inverte
brate and vertebrate carnivores. The critical role of invertebrate zooplank
ton as a food source for higher trophic levels has resulted in this evaluation 
of zooplankton survival at the Bowline Point plant. The initial survival of 
micro- and macro zooplankton and latent effects of entrainment were examined 
during 1975, 1976, and 1978 (macrozooplankton only). The differences in size 
range (less than or greater than 1 mm) and abundance required slightly different 
procedures for studying survival of micro- and macrozooplankton. Microplankton 
studies emphasized selected abundant copepods, rotifers, cladocerans, and 
molluscan larvae while macrozooplankton studies focused on the most abundant 
taxa (Gammarus spp., Monoculodes edwardsi, Neomysis americana, and Chaoborus 
punctipennis). 

5.2 MICROZOOPLANKTON 

5.2.1 Methods and Materials 

5.2.1.1 Field Methodology 

To determine the survival of microzooplankton in the once-through cooling 
system at the Bowline Point plant, samples were collected from the intake 
(control) and discharge. Samples were collected for survival determinations 
using a centrifugal 10-cm pump and a 76-~m mesh plankton net to filter water. 
During 1975 water was pumped into a larval table (Section 6.3) which was then 
drained through the plankton net. However, in 1976 water was pumped directly 
into the net suspended in a tank filled with water. Water temperature was 
recorded on each sampling day. In 1975, samples were collected from 2 to 5 
successive days during summer (July-August), fall (September-October), and 
winter (December). During 1976, samples were collected twice monthly from 
March through December and data were pooled seasonally based on ambient river 
and discharge temperatures: 

Early spring 
Late spring 
Summer 
Early fall 
Late fall 
Winter 

5.2.1.2 Sample Processing 

8 March - 26 April 
10 May - 7 June 
21 June - 13 September 
27 September - 4 October 
25 October - 1 November 
15 November - 6 December 

After washing the nets the contents of the codend were transferred into a jar 
and the volume was adjusted to 800 mI. From each thoroughly mixed sample 21 
aliquots of 5 ml were removed and placed in covered culture dishes held at 
ambient intake temperatures. Three aliquots were examined initially and at 
each latent effects observation period (24, 48·, 72, and 96 hours following 
collection). Because deterioration and decay of dead organisms in the 
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subsamples during extended holding per:lods prevented positive identification 
and, consequently, resulted in inaccurate survj.val estimates, the 72- and 
96-hour data were not used for analysis. At the initial and latent effects 
observations the 3 aliquots were examined using 25X and 40X magnification 
to identify and enumerate all dead organisms. The criterion for death was 
failure of an organism to respond to a gentle probing stimulus. After the 
dead count was completed each aliquot \vas presE!rved in 5 percent formalin 
and total population counts were made at a latE!r date. 

5.2.1.3 Analytical Methodology 

Analysis of entrainment survival data lnvolved the determination of initial 
and 48-hour survival at the intake and discharge. This was accomplished by 
dividing the number of live organisms by the total number collected (live + 
dead). For this calculation all three aliquots from a sample and observation 
period were pooled. 

Comparisons of intake and discharge survival were made by means of Fisher's 
exact probability test (Sokal and Rohlf 1969) for all worse-case frequency 
distributions: 

Live Dead 

Discharge a b =t a + b 

Intake c d c + d 

a + c b + d n 

p = (a+b) I (c+d) I (a+c) I (b+d) I 
a I b I c! dl n! 

The null hypothesis (Pi ~ Pd) for a one-tailed test is rejected if the sum of 
p for all worse cases is less than or equal to 0.05 (i.e., it can be concluded 
that intake survival is significantly greater than discharge survival). 

The data were partitioned by discharge temperatures and corrected for sampling 
related mortality to evaluate thermal and mechanical effects of entrainment. 
EA (1977c) reviewed several sources of thermal tolerance data for the major 
microzooplankton taxa entrained and concluded that 35 C was the approximate 
upper lethal thermal threshold. Since no thermal mortality would be expected 
below this threshold all data collected at discharge temperatures below 35 C 
were pooled to estimate mechanical mortality. Above 35 C survival data reflect 
the combined effects of the thermal and mechanical stresses of entrainment. 
To factor out sampling-iriduced mortality (intake samples), the discharge sur
vival was corrected for intake mortality as follows: 
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where 

'Se = proportion surviving entrainment 
PePs = proportion surviving entrainment and sampling (discharge survival) 

Ps = proportion surviving sampling alone (intake survival). 

5.2.2 Results 

Survival of microzooplankton entrained at the Bowline Point plant was highly 
variable within and between years at the intake and discharge sampling sta
tions. During 1976 initial survival of total microzooplankton at both 
stations was generally higher than observed during the same seasons in 1975 
(Appendixes C-1 to C-4): 

Year 

1975 
1976 

Percent Survival 
Intake Discharge 

63.2-76.3 
59.7 -96.9 

54.3-63.7 
49.0-93.0 

The patterns observed for total microzooplankton generally reflected the sea
sonal changes observed for copepod nauplii, the most abundant taxa (Figure 
5-1, Table 5-1). Fluctuations in discharge survival generally paralleled 
survival at the intake. During 1976 survival at both stations was lowest in 
the spring and late fall (less than 70 percent) and highest in the summer and 
early fall (greater than 80 percent). Comparison of intake and discharge 
survival demonstrated significant ( = 0.05) reductions at the discharge for 
individual taxa and dates in 21 of 57 and 9 of 14 comparisons for 1976 and 
1975, respectively. No consistent relationship was observed between these 
reductions and plant operating mode (Figure 5-1). Forty-eight hours following 
entrainment 15 of 54 and 5 of 11 comparisons eXhibited significant reductions 
in 1976 and 1975, respectively. 

Survival of mechanical stresses of entrainment was 92.6 percent initially for 
total microzooplankton and ranged from 58.2 to 100 percent for the major indi
vidual taxa (Table 5-2) during 1976. Mechanical effects were greater in 1975 
when survival for total microzooplankton was 84.1 percent and ranged from 
49.3 to 100 percent for individual taxa. Because significant ( = 0.05) dif
ferences between the intake survivals calculated for the two years indicate 
significantly different sampling effects the data for the two years were not 
pooled. In most cases (9 of 12) entrainment survival 48 hours after collec
tion was higher than initial surVival during 1976; during 1975, 5 of 7 taxa 
exhibited higher survival at 48 hours, following mechanical entrainment 
stress. 

Entrainment survival at discharge temperatures above the lethal threshold 
(35 C) was generally lower than for mechanically stressed organisms immedi
ately following collection. Survival for total microzooplankton collected at 
35 C or higher temperatures was 90.1 and 74.4 during 1976 and 1975, respec
tively. The range of survival for individual taxa was 91.0 to 72.7 percent 
and 73.8 to 43.5 percent during 1976 and 1975. Forty-eight hours following 
entrainment, survival was often higher than initial survival (5 of 9 cases). 
On the only date in 1976 that discharge temperatures reached 35 C (23 August), 
survival decreased to a summer minimum for total microzooplankton and cope pod 
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Figure 5·1. Seasonal variation of percent sUlvival for the major microzooplankton 
taxa entrained at the Bowline Point plant during 1976. 



Taxa 

TABLE 5-1 SEASONAL VARIATION IN TOTAL MICROZOOPLANKTON AND COPEPOD NAUPLII 
INITIAL SURVIVAL AT THE BOWLINE POINT PLANT INTAKE AND DISCHARGE, 1976 

Average 
TemQ. (C) 

Percent Survival 
Season I(a) D I D 

Total microzooplankton Early spring 6.6 15.B 40.6 (1,690)(c) 57.0 (967) 
Late spring 16.9 25.6 67.6 (6,7BO) 42.1 <3,121) 
Summer 24.6 32.4 B4.5 (12,73B) BO.5 (11,47B) 
Early fall 19.9 2B.6 96.1 (1,269) 92.7 (1,028) 
Late fall 11.4 23.2 63.9 (1,4140) 56.2 (1,821) 
Winter 5.4 18.0 79.6 (1,388 ) 79.9 (1,153) 

Copepod nauplii Early spring 6.6 15.8 39.0 (1,369) 57.3 (785) 
Late spring 16.9 25.6 60.7 (2,1407) 29.14 (966 ) 
Summer 214.6 32.4 88.B (8,516) 814.14 (7,970) 
Early fall 19.9 2B.6 97.1 ( 1 , 107) 92.9 (855) 
Late fall 11.4 23.2 60.3 (156) 63.7 (567) 
Winter 5.4 1B.0 87.2 (836) 84.5 (692) 

(a) I = intake; D = discharge. 
(b) Se = PsD/PsI = entrainment survival. 
(c) The total number of organisms collected is indicated in parentheses. 

Se %(b) 

100.0 
62.3 
95.3 
96.5 
87.9 

100.0 

100.0 
148.4 
95.0 
95.7 

100.0 
96.9 



~~------------------------------------.-----------------------------------------

TABLE 5-2 ENTRAINMENT SURVIVAL OF MOST ABUNDANT MICROZOOPLANKTON 
TAXA AT THE BOWLINE POINT PLANT, CALCULATED FOR 1975 
AND 1976 

Discharge Entrainment Survival C%) 
Temperature 1975 1976 

Taxa ( C) Initial 48-Hour Initial 48-Hour 

Total micro zooplankton <35 84.1 96.2 92.6 96.7 
35-37 74.4 48.1 90.1 98.1 

Copepod nauplii <35 67.2 47.3 100.0 100.0 
35-37 71.5 44.0 91.0 100.0 

Eurytemora affinis <35 49.3 48.3 74.9 82.1 
35-37 55.9 

Acartia tonsa <35 93.6 100.0 
35-37 43.5 58.4 78.8 72.6 

Halicyclops fosteri <35 100.0 100.0 89.5 89.9 
35-37 53.4 

Bosmina lon~irostris <35 100.0 100.0 98.5 93.1 
35-37 59.3 42.6 

Keratella cochlearis <35 100.0 100.0 90.5 95.2 
35-37 

Notholca accuminata <35 90.8 100.0 62.1 82.1 
35-37 

Kellicottia longispina <35 58.2 35.8 
35-37 

Brachionus callciflorus <35 81.2 100.0 
35-37 

Pelecypod veliger <35 100.0 100.0 
35-37 72.7 100.0 

Gastopod veliger <35 100.0 80.9 
35-37 73.8 86.9 



nauplii; however, just before this sampling date conductivity also decreased 
from approximately 7,000 to 200 ~mhos/cm. 

5.2.3 Discussion 

The seasonal changes in intake, discharge, and adjusted entrainment survival 
closely parallel the abundance patterns and microzooplankton community suc
cession described by EA (1978a). Although no clear relationship was observed 
(Figure 5-1) between survival and plant operation in the two-pump full or 
throttled modes, survival was lowest in the spring (Figure 5-1 and Table 5-1). 
During the spring, ambient river temperatures fluctuate and increase rapidly. 
Conductivity is also highly variable, increasing or decreasing several parts 
per thousand in a few days. The microzooplankton community at this time is 
characteristically transitional with shifts between freshwater and marine 
taxa, and overwintering to reproductively-active summer populations. It is 
possible that during this period microzooplankton may be more sensitive to 
sampling and entrainment stresses than in other seasons. A population effect 
is supported by the observed decrease in survival at the intake as well as 
the discharge. Similar decreases in survival during the fall observed for 
total microzooplankton, Keratella cochlearis, and Notholca accuminata may be 
related to a similar combination of environmental and biological circumstances. 

Intake, discharge, and entrainment survival estimates for 1975 were consis
tently lower than for 1976. This difference is probably related to differ
ences in collecting procedures or the overall condition of the communities 
sampled in the two years. In 1975 the final step in the collection procedure 
involved draining a larval table through a net suspended in the air at the 
table discharge pipe; whereas a plankton net suspended in a barrel of water 
was the collection device in 1976. The cushioning effect of the water in the 
barrel may have reduced abraSion, air drying, and other related collection 
stresses during 1976. Furthermore the thermal exposure in 1976 (25 minutes) 
was more than double that experienced by microzooplankton in 1976 (10 minutes). 

Entrainment of total microzooplankton reduced initial survival 8 to 16 per
cent when discharge temperatures were below the laboratory-predicted upper
thermal lethal threshold (34-35 C for the most abundant taxa). Decreases in 
survival following mechanical stress only (discharge temperatures below 35 C) 
were not related to differences in pumping mode. Although the spring and 
fall minimum in survival occurred during two-pump throttled operation, winter 
and early spring survival estimates were nearly 100 percent for the same oper
ating mode. These spring and fall decreases are likely to be related to the 
seasonal changes in microzooplankton. 

At discharge temperatures above the laboratory predicted lethal threshold, 
initial entrainment survival was reduced 10 to 25 percent for total microzoo
plankton. The additional 2 to 9 percent reduction observed above 35 C for 
1975 and 1976 may be related to thermal stresses. However, during 1976, 
discharge temperatures reached 35 C on only one sampling date (23 August); 
whereas the variability of survival estimates for the other individual sam
pling dates may indicate that the apparent thermal effect is an artifact of 
experimental variability and limited sampling above 35 C. The sudden decrease 
in river conductivity (7,000 to 200 ~mhos/cm) prior to sampling on 23 August 
may have stressed the community and confounded any evaluation of thermal 
entrainment effects for 1976. 
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The independent estimates of entrainment survival initially and 48 hours 
following entrainment indicate that recovery of most of the taxa involved 
is generally fairly rapid. Survival of total microzooplankton at 48 hours, 
above and below 35 C was 96.7 and 98.1 percent, respectively. The increased 
survi val estimates for many of the individual taxa during the 48 hours fol
lowing entrainment are the result of high reproductive rates and relatively 
short generation times of many microzooplankton taxa. 

In summary, initial survival of the most abundant microzooplankton taxa 
entrained at the Bowline Point plant is reduced by less than 16 percent when 
temperatures are below 35 C. Between 35 and 37 C greater reductions (10 to 
25 percent) may occur; however, according to EA (1978a) discharge temperatures 
in excess of 35 C are unusual at the plant. Although some of the less abun
dant taxa exhibit decreases of greater magnitude under certain transitory 
ambient river water quality conditions, initial survival is consistently in 
excess of 80 percent. Furthermore, the high rep:t"oducti ve rate and short 
generation times characteristic of most microzooplankton permit the popula
tion to rapidly recover following entrainment. 

5.3 MACROZOOPLANKTON 

5.3.1 Methods and Materials 

5.3.1.1 Field Methodology 

To determine the involvement and survival of maCl'ozooplankton in the Bowline 
Point power plant once-through cooling system, samples were collected from 
both the intake and discharge of the plant. Sample collection usually 
occurred after sunset, coinciding with the highest densities of organisms. 
Samples were collected by pumping known volumes of water into larval collec
tion tables at a rate of 500-800 liters/minute. Specimens were collected 
in conjunction with ichthyoplankton survival samples as described in Section 
6.3.2. Water temperature was recorded in 1975, 1976, and 1978; conductivity, 
pH, and dissolved oxygen were also measured in 1976 and 1978. Samples were 
collected seasonally in 1975, semimonthly in 1976, on one day in March, April, 
May, and October, and biweekly from June through September in 1978 (Table 5-3). 

5.3.1.2 Sample Processing 

Samples were returned to the onsi te labor'a tory for sorting and enumeration. 
Emphasis was placed on different genera in different collection years. Dur
ing 1975 and 1976 the total macrozooplankton, GalIlmarus daiberi (Amphipoda), 
Neomysis americana (Mysidacea), Chaoboru~! punctipennis (Insecta, Larvae), 
and Monoculodes edwardsi (Amphipoda) were! emphasized. During 1978, special 
attention was given to Gammarus spp., Neomysis americana, Chaoborus puncti
pennis, and Crangon septemsoinosa (Crusta.cea). The criteria for the evalua
tion of the physiological condition of tt.e organisms were 

Li ve--Normal behavior unique to the ~:pecies, 

Dead--No vital life signs or response to a stimulus (cessation of 
pleopod beating indicated death of Gamm~ sPp.), and 

Stunned--Aberrant swimming behavior or unable to swim. 

5-8 



TABLE 5-3 FREQUENCY OF SAMPLING FOR MACROZOOPLANKTON INITIAL (O-HOUR) SURVIVAL AND CIRCULATOR 
PUMP OPERATION AT THE BOWLINE POINT PLANT , DURING 1975 , 1976 , AND 1978 

Gammarus Neomysis Chaoborus Monoculodes Crangon Other Circulator Pump 
Date SEE- americana EunctiEennis edwardsi septemsptn()sa Macro. .. Qperat;,ion_ 

1975 

29 JUL X X X X X 2 Pumps - Full 
30 JUL X X X X X 2 Pumps - Throttled 
31 JUL X X X X X X 2 Pumps - Full 

4 AUG X X X X X 2 Pumps - Full 
5 AUG X X X X X 2 Pumps - Full 

29 SEP X X X X X 2 Pumps - Full 
30 SEP X X X X X 2 Pumps - Full 

1 OCT X X X X 2 Pumps - Full 
16 DEC X X X X X 2 Pumps - Full 

1976 

8 MAR X X X 2 Pumps - Throttled 
22 MAR X X X 2 Pumps - Throttled 

5 APR X X X X 2 Pumps - Throttled 
26 APR X X X X 2 Pumps - Throttled 
10 MAY X X X X 2 Pumps - Throttled 
24 MAY X X X X 2 Pumps - Throttled 
7 JUN X X X X 2 Pumps - Throttled 

21 JUN X X X X 2 Pumps - Full 
12 JUL X X X X 2 Pumps - Full 
13 JUL X X X X 2 Pumps - Full 
26 JUL X X X X X 2 Pumps - Full 
9 AUG X X X X X 2 Pumps - Full 

23 AUG X X X X X 2 Pumps - Full 
13 SEP X X X X X 2 Pumps - Full 
27 SEP X X X X X 2 Pumps - Full 

4 OCT X X X X X X 2 Pumps - Full 
25 OCT X X X X X X 2 Pumps - Throttled 



TABLE 5-3 (CONT.) 

Gammarus Neomysis Chaoborus Monoculodes Crangon Other Circulator Pump 
Date spp. americana punctipennis edwardsi septems pinosa Macro. Operation 

1975 

1 NOV X X X X 2 Pumps - Throttled 
15 NOV X X X X 2 Pumps - Throttled 
6 DEC X X X X 2 Pumps - Throttled 

1918 

20 MAR X X 2 Pumps - Throttled 
10 APR X X 2 Pumps - Throttled 
22 MAY X X 2 Pumps - Full 
12 JUN X X 2 Pumps - Full 
26 JUN X X X 2 Pumps - Full 

5 JUL X X X 2 Pumps - Full 
18 JUT. X X v X 2 Pumps - Full A 

14 AUG X X X 2 Pumps - Full 
28 AUG X X X X 2 Pumps - Full 
11 SEP X X X 2 Pumps - Full 
25 SEP X X X 2 Pumps - Full 
16 OCT X X X 2 Pumps - Full 



The live and stunned organisms generally were removed from the sample for 
incubation within 1.5 hours of collection. Dead organisms were enumerated, 
removed, and preserved in 5 percent formalin for identification at a later 
time •. The remainder of the sample was preserved in formalin (5 percent in 
1975 and 1976 and 10 percent in 1978) for sorting, enumeration, and species 
identification. 

Special incubation methods were followed for macrozooplankton that were to 
be used in the latent survival studies. When present in sufficient numbers, 
organisms were held at low densities (Table 5-4) in incubation containers 
large enough to minimize competition and predation. Incubation containers 
for Gammarus spp. were provided with Tetra Min fish food and cleaned at 24-
hour intervals. Dishes were covered to prevent escape. All dishes were 
maintained at river ambient temperature. 

Latent effects observations were made at approximately 24, 48, 72, and 96 
hours during all three study years. In addition, 6-hour and 12-hour obser
vations were made during 1975 and 3, 6, and 12-hour observations occurred 
during 1978. The number of live, stunned, and dead organisms were counted 
at each latent effects observation. The dead organisms were removed and 
preserved in 5 percent formalin. After the 96-hour observation, all remain
ing organisms were preserved in 5 percent formalin for later identification. 
The 24-hour observation was chosen in this section as most indicative of 
power plant latent effects because survival during latent observations was 
probably confounded by the short, dynamic life cycle of most macrozooplank
ton. Intake and discharge survival curves level out and become parallel 
after 24 hours, indicating that most latent effects are probably suppressed 
by 24 hours. 

5.3.1.3 Statistical Methods 

The analysis of entrainment survival involved the determination of initial 
and extended (cultured through 96 hours) survival at the intake and discharge. 
The initial survival proportion was determined by dividing the number of indi-

. viduals classifed as 11 ve and stunned by the total number of organisms 
initially collected (live, stunned, and dead) • Whereas initial survival 
estimates were based on all organisms initially collected, extended survival 
was calculated for organisms initially classified as live or stunned and 
maintained throughout the 96-hour period followed collection. Extended 
survival was therefore based on an initial proportion surviving of 1.0. 
Comparisons of the proportion surviving at intake and discharge stations 
and cross-year (1975, 1976, and 1978) comparisons were evaluated using 
Multiway Contingency analysis for tests of independence (Sokal and Rohlf 
1969) as: 

1975 1976 1978 Total 
Intake Alive 

Dead 

Discharge Alive 
Dead 

Total 
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TABLE 5-4 SPECIES AND NUMBER. OF ORGANISMS INCUBATED FOR LATENT 
SURVIVAL STUDIES AT THg BOWLINE POINT POWER PLANT, 
HUDSON RIVER ESTUARY , DURING 1975 , 1976 , AND 1978 

Number of Organisms 
Per Container 19'i'5(a) 1976(a) 1978 

Gammarus spp. (c) <6 <10 <10 

Neom:isis americana 10··15 <10 <5(b) 

Chaoborus punctipennis <2C1 <15 <10 

Monoculodes edwardsi(c) 10··15 <10 NS 

Crangon septemspinosa NS 1(b) 

Note: NS = Not sampled. 

(a) All organisms cultured in 11.4-cm culture dishes. 
(b) Neomysis and Crangon were cultured in 800-ml glass jars in 1978. 
(c) Gammaridean amphipods were fed Tetra Min fish food and cleaned at 

24-hour intervals. 



Linear and multiple regression analyses (Steel and Torrie 1960) were per
formed to determine if any physiochemical variables were related to initial 
or latent survival. 

Entrainment survival was calculated with the equation: 

where 

PD = proportion surviving sampling and entrainment stress (discharge) 
PI = proportion surviving sampling stress (intake) 

Although survival in excess of 100 percent is not biologically realistic, 
calculated values for entrainment survival (Se) may exceed 100 percent and 
are a reflection of the variability of observed survival about the population 
mean for which Se is an estimate. 

5.3.2 Results and Discussion 

5.3.2.1 Total Macrozooplankton 

The number of macrozooplankton species collected at the Bowline Point power 
plant varied among the three collection years (Table 5-5) but the differences 
were due primarily to changes in the emphasis of the sampling program reflected 
in the sampling schedule rather than real differences in the macrozooplankton 
community. During 1975 (EA 1976) and 1976 (EA 1977b) attempts were made to 
evaluate the entire macrozooplankton community within which 18 (1975) and 19 
(1976) categories of organisms were identified (Table 5-5). Sampling in 1975 
was designed to evaluate seasonal differences (summer, 29 July - 5 August; 
fall, 30 September - 1 October; and winter, 16 December). Sampling during 
1976 was bimonthly from March through December. Although all individual spe
cies were not present in collections during both years, the overall composition 
of the macrozooplankton community around the Bowline Point power plant 
remained similar with about the same number of species present and/or gener
ally dominating. Collections during 1978 were designed to evaluate the power 
plant's impact on four representative important species (RIS) and not the 
entire macrozooplankton community. The following discussion will emphasize 
yearly comparisons, latent thermal and conductivity effects, and mechanical 
effects for these four RIS (Gammarus, Neomysis americana, Chaoborus puncti
pennis, and Crangon septemspinosa) along with Monoculodes edwardsi which was 
quite abundant during 1975 and 1976. The remainder of the speCies collected 
during 1975 and 1976 will be addressed, but in less detail. 

5.3.2.2 Gammarus 

Gammarus daiberi composed over 90 percent of the identified Gammarus collected 
during 1975 and 1976 (Appendix D-1 to D-4). During 1978 Gammarus were identi
fied only to the generic level. Since only 36 Q. tigrinus and 3Q. fasciatus 
were identified during 1975 and 1976, all the data were pooled to discuss the 
effects of entrainment on survival of Gammarus. 
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TABLE 5-5 NUMBER OF ORGANISMS OF EACH SPECIES OF MACROZOOPLANKTON 
COLLECTED AT THE INTAKE AND DISCHARGE SAMPLING STATIONS 
OF THE BOWLINE POINT PLANT, 197:; , 1976, AND 1978 

Number of Number 
Year Days Collected Species Intake Discharge 

1978 12 Gammarus spp. 7,692 4,563 
9 Neomysis amE!ricana 5,165 2,237 
7 Chaoborus .E,!:lnctipennis 84 65 
6 Crangon septemspinosa 10 11 

1976 20 Gammarus daiberi 2,488 1,333 ---6 Gammarus tigrinus 17 5 
3 Gammarus sp p • 5 2 

20 Total Gammarus 2,510 1,340 
20 Monoculodes edwardsi 450 426 
17 Chaoborus ~nctipennis 684 461 
14 Unidentified Diptera 77 189 
9 Corophium tubercula tum 70 85 
9 Chiridotea ~lmyra 19 11 
8 Neomysis americana 286 345 
7 Leptocheirus plumulosus 48 8 
3 Edotea triloba 1 3 
3 Palaemonetes-Spp. 2 1 
3 Megalopa 0 3 
3 Zoea 30 64 
2 Melita nit ida 6 0 ---2 Crangon septemspinosa 3 0 
2 Ephemeroptera 0 8 
1 Unionicola spp. 1 0 

1975 9 Gammarus daiberi --- 339 156 
7 Gammarus tigrinus 10 4 
2 Gammarus fasciatus 2 1 
3 Gammarus spp. 16 27 
9 Total Gammarus 367 188 
9 Monoculodes edwardsi 336 276 
9 Chaoborus ~1ctipennis 907 567 
9 Unidentified Diptera 129 25 
9 Corophium tu::>erculatum 22 71 
8 Neomysis ame:~icana 46 41 
7 Leptocheirus plumulo:ms 21 11 
6 Edotea triloba 62 39 
7 Melita nitid;~ 9 6 
3 Zoea 128 95 
3 Cyathura pol:ita 7 0 
2 Palaemonetes spp. 3 0 
1 Unionicola spp. 2 1 
1 Crangon septj~mspinos~~ 0 1 



Significant yearly differences exist (G = 89.78 with 2 degrees of freedom) in 
the survival proportions of Gammarus which indicate that sampling stresses or 
the overall condition of the population were dissimilar among years. Thus, 
the data could not be pooled across years to evaluate entrainment effects. 
The significant three-factor interaction term in the analysis (Appendix Table 
D-5) reflects the change in the relationship between intake and discharge 
among years. That is, survival at the discharge was slightly higher than at 
the intake in 1975 and 1978, but lower than at the intake in 1976 (Appendix 
Tables D-1 to D-3). 

Initial survival of Gammarus ranged from 0.837 (1975) to 0.979 (1976) at 
the intake and from 0.883 (1975) to 0.951 (1978) at the discharge (Appendix 
Tables D-1 through D-3) of the Bowline Point power plant. No significant 
difference (G = 1.34 with 1 degree of freedom) in initial survival was found 
between the intake and discharge samples. For samples with a minimum of 10 
organiSms, within-year variation in initial survival was generally less than 
40 percent. During 1975, 1976, and 1978 the ranges in initial survival at 
the intake and discharge were: 0.583-1.000 and 0.714-1.000; 0.773-1.000 and 
0.833-1.000; and 0.833-0.994 and 0.784-0.986, respectively. 

Significant statistical differences (a = 0.05) in extended survival were 
observed at the intake and discharge for Gammarus (G = 34.20 with 1 degree of 
freedom). Survival was consistently lower for discharge samples than intake 
samples across the entire latent effects observation period (Figure 5-2). 
However, considering the relatively large sample sizes in 1976 and 1978, 
it is doubtful whether this slight difference is biologically significant. 
Similar to initial survival, differences among years were reflected by the 
significant year x survival interaction at 24 hours. Extended survival (24-
hour) ranged from: 0.864 (1975) to 0.969 (1976) at the intake and 0.690 
( 1975) to 0.953 (1978) at the discharge (Appendix Tables D-1 to D-3). 

Temperature, although not significant, exhibited a negative correlation with 
both initial and extended survival (Table D-6). Laboratory studies indicate 
that no reduction in survival should be expected as a result of thermal expo
sures below 34 C when ambient water temperature is near 25 C (NYU 1973, 1974; 
EA 1978b). Discharge water temperatures were never in excess of the median 
tolerance limit (TL50), 38 C; however, specimens collected between 34 and 
36 C exhibited some reduction in entrainment survival (10 to 15 percent) as a 
result of thermal exposure (Tables D-1 to D-3 and EA 1979a). Initial survival 
exhibited a weak negative association with conductivity during 1976 and 1978 
although 24-hour survival was positively related. 

Gammarus initial survival at the discharge station was higher when the two 
Circulating pumps were operating in the full (0.969) vs. throttled (0.901) 
modes. This mechanical stress was evaluated using the closest possible paired 
dates (30 and 31 July 1975; 7 and 21 June 1976; 4 and 25 October 1976; and 
10 April and 22 May 1978) when the two circulating pumps were operating at 
full and throttled capacity. This procedure was used to reduce any potential 
bias which might be introduced by the wide range in ambient river temperatures 
and seasonal changes in the population. Differences in survival proportions 
were examined using three-way contingency analysis where the overall test of 
independence among date pairs (observation), pump operation, and survival was 
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Figure 5·2. Survival curves during latent effects observations for Gammarus 
collected at the Bowline Point 1)lant, 1975, 1976, and 1978. 



highly significant (G = 98.60, 10 degrees of freedom). The pump operation 
x survival interaction (Table D-7) indicates that the observed difference 
between the full and throttled modes is significant (p~O.001). 

Estimates of entrainment survival (Se) for Gammarus were generally higher 
than 94 percent both initially and at 24 hrs: 

Initial 24-Hour 

1975 105.5 84.3 
1976 95.3 94.2 
1978 100.7 96.0 

Average 100.5 91.5 

Latent effects of entrainment appeared to result in a decrease of approxi
mately 10 percent in survival at 24 hours. 

Estimates of survival which exceed 100 percent are difficult to interpret 
biologically; however, considering the typically high survival observed at 
both the intake and discharge, initial survival for the entrained population 
probably approaches 100 percent. Since individual samples provide independent 
apprOXimations (Tables D-1 to D-3) of actual entrainment survival, individual 
estimates which exceed 100 percent survival merely reflect part of the expe
rimental variability inherent in estimates of any population parameter. 

Circulating pump operating mode demonstrated no consistent effect on initial 
and 24-hr survival estimates (Table 5-6). On the other hand, discharge temper
atures above 34 C resulted in a reduction in survival compared to temperature 
below 34 C. This thermal mortality was not apparent initially when survival 
was apprOXimately 100 percent for both temperature ranges (Table 5-6). At 
24-hours survival declined to 81 percent as a result of the increased thermal 
exposure. 

5.3.2.4 Neomysis americana 

Yearly differences were found in the initial survival proportions of Neomysis 
americana collected from the Bowline Point plant and therefore, the three 
years of data could not be combined. Contingency analysis (Sokal and Rohlf 
1969) was used to detect differences in survival among years and between sta
tions for N. americana. The three-way interaction among the three factors 
may have been a result of progressively improved survival from 1975 to 1976 
to 1978 (Tables D-8 to D-10). 

Yearly initial survival of N. americana ranged from 0.283 (1975) to 0.846 
(1978) at the intake and fr;m 0.706 (1975) to 0.864 (1978) at the discharge 
(Tables D-4 through D-6). No overall significant difference (Table D-11) 
in initial survival was found between the intake and discharge station 
samples. Large variation occurred within years in initial survival with 
about a 70 percent difference in survival observed during any year (Tables 
D-8 to D-1 0 ) • 
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TABLE 5-6 ENTRAINMENT SURVIVAL (S~) OF MACROZOOPLANKTON COLLECTED AT THE BOWLINE POINT PLANT 
AS A FUNCTION OF CIRCUL TION PUMP OPERATION AND DISCHARGE TEMPERATURE, 1975, 1976, 
AND 1978 

Entrainment Survival (%) 
Two PumQs Full Two PumQs Throttled 

Taxa Year Interval <30C 30.1-34C >34C <30C 30.1-34C 

Gammarus 1975 Initial * 103.9(a) 123.6 * 
24 hr * 101.5 67.3 * 

1976 Initial * 94.4 100.3 * 98.1 
24 hr * 95.2 90.8 * 97.4 

1978 Initial * 99.1 84.8 * 93.8 
24 hr * 96.6 85.8 * 99.9 

Averaged Initial * 99.1 102.9 * 95.8 
24 hr * 97.8 81.3 * 98.6 

Neomysis americana 1975 Initial 228.0 
24 hr 208.4 

1976 Initial all A A'l 7 11":> ') 1::1 1 
., I • OJ 'V,J·I "'"TJeC- J 1 • 1 

24 hr 104.5 71.7 22.8 42.2 
1978 Initial 109.9 89.1 34.6 

24 hr 101 .0 84.5 (b) 
Averaged Init.ial 144.3 86.4 ~A a ~1 1 

..J- • ." J I • , 

24 hr 138.0 78.1 

Chaoborus QunctiQennis 1975 Initial * 115.4 95.3 * 
24 hr * 117 .5 95.3 

1976 Initial * 96.9 92.8 * 98.0 
24 hr * 98.9 * * 98.0 

(a) While entrainment survival cannot exceed 100 percent in biological terms, calculated values 
which exceed 100 reflect the variability within the data base and are therefore presented. 

(b) No organisms held for latent effects. 

* Data for temperatures ~30 C are pooled with 30.1-34.0 C for comparisons. 
Less than 10 organisms at intake and/or discharge. 

>34C 

71.4 
156.2 

100.7 
99.5 



TABLE 5 -0 (CONT.) 

Entrainment Survival (%) 
Two PumQs Full Two PumQs Throttled 

Taxa Year Interval <30C 30.1-34C >34C <30C 30.1-34C ·>34C 

Chaoborus puncttpel'!nis 1978 Initial * 109.7 * 
24 hr * 108.7 

Averaged Initial * 107.3 94.1 * 
24 hr * 108.4 96.7 

Monoculodes edwardsi 1975 Initial * 90.3 118.2 * 131.2 
1976 Initial * 94.9 98.9 * 102.8 

Averaged Initial * 92.6 108.6 * 



Although significant differences (a = 0.05) in extended survival were 
observed at the intake and discharge for N. amHricana (Table D-11) no con
sistent trend was observed among the three years (Figure 5-3). The steady 
decrease in survival at both stations (intake and discharge) indicates 
that !i. americana are sensitive to holding str€!ss. The slight difference 
between overall intake (89.3 percent) and discharge (85.1 percent) survival 
is probably not significant biologically partieularly since the marginal 
association for station and survival i~! significant (Table D-11, P = 0.026) 
but the partial association X2 is not significant (p = 0.363). Extended 
survival (24-hour) ranged from 0.583 to 0.885 at the intake and 0.690 to 
0.846 at the discharge (Tables D-8 to D-10). 

Temperature typically exhibited a negative (and in two cases significant) 
correlation with both initial and extended survival for N. americana (Table 
D-12) • Entrainment survival was 100 pE!rCent at discharge temperatures below 
30 C (EA 1979a). At temperatures betw€!en 30 and 34 C, a small reduction in 
entrainment survival was observed, whereas discharge temperatures in excess 
of 34 C (TL50) caused a sharp decrease in survival (EA 1979a). This sharp 
decrease in survival above 34 C is consistent VJ'ith laboratory results reported 
by NYU (1973) and EA (1978b). This temperature effect was clearly demon
strated on 18 July 1978 when discharge temperatures decreased from 34 to 33 
to 32 C on successive samples; survival increased accordingly from 0.713 to 
0.785 to 0.871 at the discharge. Although the 1976 data base is more limited 
and discharge temperatures did not exceed 35 C, the same trend was observed. 
Entrainment survival (Se) during 1976 VJas 33.3, 46.0, 79.1, 93.5, and 96.0 
percent at 35, 34, 33, 32, and 29 C, respectively (Table D-9). Regression 
of survival (Se) on discharge temperatures for the 1976 and 1978 data above 
provides an estimate for the median tolerance limit (TL50) of 34.8 C (Figure 
5-4) which compares with laboratory estimates of 33.7 C (EA 1978b). Initial 
and extended survival were not significantly correlated with conductivity. 

Differences in mechanical stress between pump modes were not evaluated for 
Neomysis americana because only four organisms were collected when the pumps 
were throttled during the four date pairings. However, the close corres
pondence between the field and laboratory estimates of the TL50 indicate 
that the overall effects of mechanical stress are minimal and most observed 
mortality is the result of thermal exposure. 

Estimates of entrainment survival (Se) for Neomysis americana exhibited 
considerable variation among years: 

Initial 24 Hours Nos. Collected 

1975 249.8 182.2 87 
1976 85.6 84.8 635 
1978 102.1 97.6 7 ,402 ---
Average 145.8 121 .5 

The extremely high estimates for 1975 are a reflection of the small and 
variable sample sizes and unidentified increase in sampling stress at the 
intake. Differences between 1976 and 1978 appear to reflect differences in 
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Figure 5-3. Survival curves during latent effects observations for Neomysis americana 
collected at the Bowline Point plant, 1975, 1976, and 1978. 



0---o 
0-

1.00 

0.80 

ro 0.60 
> 
> .... 
::l 
(/) 

• 
• • 

• 

Y = 6.42 - 0.17 X 
r2 = 0.8173 

• 

E • I 

• 

1:: ~ ~ Q~ I 

Jj i I • 

0201 i 

t _~ ___ _ 
1 --,-- 1--- 1 1 

• 1976 
• 1978 

~ 

29 30 31 32 33 34 I 35 36 

Temperature (e) 
TL50 (34.8) 

Figure 5-4_ Relationship between discharge temperature and survival (Se) for Neomysis 
americana entrained at the Bowline Point plant, 1976 and 1978_ 



the r~lative distribution of organisms collected at various discharge tem
peratures. Consistent with observations of the extended survival curves, 
the slight differences between initial and 24-hour Se's in 1976 and 1978 
indicate that Neomysis does not exhibit latent mortality as a result of 
entrainment. A consistent decrease in survival was observed for both ini
tial and 24-hour Se's as temperature increased (Table 5-6). 

5.3.2.4 Chaqborus punctipennis 

Differences among years were found in the initial survival proportions of 
Chaoborus punctipennis (Tables D-13 to D-15) collected at the Bowline Point 
plant, and therefore the data could not be pooled for analyses. Contingency 
analysis used to detect differences among years, between stations (intake 
and discharge), and in survival of Chaoborus punctipennis, demonstrated a 
significant year x survival interaction (Table D-16). The interaction among 
the three factors was also significant and is partly due to the lower sur
vival at the intake during 1978 (0.857). 

Initial survival of Chaoboruspunctipennis was consistently high and ranged 
from 0.857 (1978) to 0.973 (1976) at the intake and 0.919 (1975) to 0.939 
(1976) at the discharge sampling stations (Tables D-13 to D-1S). No signi
ficant difference in initial survival was found between intake and discharge 
station samples. Chaoborus were collected from April through December and 
initial survival was generally over 90 percent (Tables D-13 through D-15). 

No significant differences (a = 0.05) in extended survival were observed 
between the intake and discharge for f. punctipennis (Table D-16). Extended 
survival observations at 24 hours were always within 1 percent of each other 
across the three years (Tables D-13 through D-15). After the 24-hour obser
vation discharge survival was often higher than the intake survival (Figure 
5-5). Two of the three main factors were significant (year. x station and 
year x survival), reflecting annual differences in survival and the relatively 
low sample size in 1978 (Tables D-13 to D-16). 

Conductivity demonstrated a significant negative correlation with survival in 
two instances during 1976 (Table D-17), as would be expected for f. punctipennis 
since it is generally considered a freshwater organism. Temperature generally 
showed a negative (but not significant) association with survival (Table D-17). 
All Chaoborus were collected well below the lethal threshold temperature of 
approximately 39 C (EA 1978b). 

Entrainment survival estimates (Se) for Chaoborus punctipennis were near 100 per
cent both initially and at 24 hours: 

Initial 24 Hours 

1975 99.1 98.4 
1976 96.6 97.2 
1978 109.5 110.5 

Average 101.7 102.0 
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Figure 5-5. Survival curves during latent effel:ts observati·on for Chaoborus punctipennis 
collected at the Bowline Point plant, 1975, 1!376, and 1978. 



Furthermore, no latent effects were apparent from comparison of initial and 
24 hour Se's. Discharge temperature and pump mode did not appear to affect 
survival (Table 5-6). 

5.3.2.5 Monoculodes edwardsi 

Yearly differences exist in the initial proportion of Monoculodes edwardsi 
surviving (Tables D-18 and D-19) and therefore, the data collected in 1975 
and 1976 could not be combined. The overall test of independence among years 
(1975 and 1976), stations (intake and discharge), and survival was highly sig
nificant; however, the year x survival term was the only two factor interaction 
found to be significant (Table D-20). No significant interaction among the 
three factors was observed. 

Initial survival of Monoculodes edwardsi ranged from 0.702 to 0.929 at the 
intake and 0.707 to 0.944 at the discharge (Tables D-18 and D-19) of the Bow
line Point plant. No significant difference in initial survival was found 
between the intake and discharge samples (Table D-20). Survival was higher 
at both stations during 1976 than in 1975. 

Significant differences (a = 0.05) in latent (24-hour) effects were observed 
between the intake and discharge for Monoculodes edwardsi (Table D-20). 
Extended survival was consistently lower for intake samples than discharge 
samples across the entire 96-hour latent effects observation period (Figure 
5-6). The year x station x survival test for independence was significant; 
however, the test for interaction was not significant. Survival at 24 hours 
was 0.634 (1975) and 0.686 (1976) at the intake and 0.803 (1975) and 0.833 
(1976) at the discharge. 

Yearly entrainment survival (Se) was 100.7 and 101.6 during 1975 and 1976 with 
a pooled estimate of 101.2 for Monoculodes edwardsi. No significant (eL = 0.05) 
correlations 'were observed between conductivity or temperature and initial or 
24-hour survival (Table D-21). Temperature demonstrated a weak negative asso
ciation with survival. 

5.3.2.6 Crangon septemspinosa 

Only twenty-five Crangon septemspinosa were collected during the three years 
of macrozooplankton sampling (Table D-22). Generally, only one or two Crangon 
were collected at a time, with collections occurring between July and October 
each year. Initial discharge survival was quite low (0.083) j however, of the 
12 organisms collected, nine dead were identified from samples on 16 October 
1978. Extended survival (24-hour) was nearly always 100 percent for both 
intake and discharge samples. Assessment of thermal and mechanical power 
plant effects on Crangon septemspinosa survival could not be made because of 
the very low numbers of organisms collected. 

5.3.2.7 Additional Macrozooplankton - 1975 and 1976 

Twelve additional categories Of non-RIS were collected during 1975 and 1976 
for the evaluation of the total macrozooplankton community. Yearly summaries 
of the data on each species collected are presented in Tables D-23 through 
D-25. Most of these organisms were collected seasonally and in lower numbers 
than the previously described RIS. 
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Figure 5-6. Survival curves during latent effects observations for Monoculodes 
edwardsi at the Bowline Point plant, 1975 and 1976. 



While detailed examination of thermal and mechanical effects on survival of 
these taxa could not be performed (because of small sample sizes or limited 
variation in plant oprating condition during their entrainment season) overall 
entrainment survival generally exceeded 90 percent for taxa with more than 10 
organisms at both stations (Tables D-23 to D-25). 

5.3.2.8 Summary 

The overall composition of the macrozooplankton community around the Bowline 
Point power plant remained relatively similar during 1975 and 1976 with about 
the same number of species present and Gammarus generally dominating (1975, 
1976, and 1978). The sampling program during 1975 was designed to evaluate 
seasonal (summer, fall, and winter ) survival with emphasis on the "worst" 
case, i.e., at the maximum discharge temperatures during the summer, 29 July 
-5 August. Sampling during 1976 was bimonthly from March to December, and 
as in 1975, was designed to evaluate the total mac~ozooplankton community. 
Sampling was from March through October 1978 and was concentrated on four 
HIS. Data on Gammarus, Neomysis americana, Chaoborus punctipennis, Crangon 
septemspinosa, and Monoculodes edwardsi were analyzed for yearly comparisons 
in initial and latent survival, as well as temperature, conductivity, and 
mechanical factors affecting survival. Additional species collected during 
1975 and 1976 were addressed, but in less detail. 

Both initial and latent C24-hour} survival generally were significantly dif
ferent (a = 0.05) among the three years (1975, 1976, and 1978) for the four 
organisms (Gammarus, Neomysis, Chaoborus, and Monoculodes) tested. Only 
Monoculodes, during latent survival, did not significantly differ between 
years, however, only 1975 and 1976 data were available. Survival was gener
ally lowest for most organisms during 1975, as expected, since sampling in 
1975 was concentrated during the summer season when temperatures were highest 
in order to examine the maximum thermal effects. This different emphasis in 
sampling design probably contributed the most to cross-year variability which 
prevented the pooling of data across years. 

No significant difference was found in initial survival between samples col
lected at the intake or discharge stations for Gammarus, Neomysis, Chaoborus, 
or Monoculodes. Extended (24-hour) survival differences existed in three of 
the four (not Chaoborus) species tested with Gammarus and Neomysis having 
lower survival for samples collected at the discharge. 

Temperature was generally negatively aSSOCiated with survival, but correla
tions were seldom statistically significant. Discharge temperatures seldom 
exceeded 35 C and only Neomysis appeared strongly stressed as temperatures 
approached 35 C. Conductivity and survival were only associated positively 
with saline species like Neomysis and negatively with freshwater species like 
Chaoborus. Sample size limitations restricted statistical comparison for 
mechanical stress (full versus throttled pump operation modes) to Gammarus. 
Gammarus initial survival at the discharge station was significantly higher 
when the two circulating pumps were operating in the full vs. throttled 
modes. 
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Yearly entrainment survival (Se) estima.tes were generally over 95 percent, 
as expected, since no differences were found between intake and discharge 
stations in initial survival of Gammarus, Neomysis americana, Chaoborus 
punctipennis, and Monoculodes edwardsi. Neomysis americana demonstrated 
a decrease in entrainment survival as the discharge temperatures increased 
and between full and throttled operation modes of the circulation pumps. 
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CHAPTER 6: ICHTHYOPLANKTON ENTRAINMENT 

6.1 INTRODUCTION 

Studies were conducted at the plant intake and discharge between 1975 and 
1979 to assess the impact of the once-through cooling system on entrained 
ichthyoplankton at the Bowline Point Generating Station. These studies 
have included monitoring of abundance and evaluation of survival for wild 
and hatchery-reared ichthyoplankton: 

Year Discipline 

1975 Abundance 
Survival 

1976 Abundance 
Survival 

1977 Abundance 
Survival 
Direct Release 

1978, Abundance 
Survival 
Direct Release 

1979 Abundance 
Survival 
Direct Release 

Intake 

x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

Discharge 
Standpipe 

x 

x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

Discharge 
Diffuser 

x 
x 

x 
x 

Although these studies have concentrated on the most abundant taxa and spe
cies identified as representative important species (RIS), information on 
involvement and survival has been generated for most ·of the ichthyoplankton 
entrained at the plant. The studies have also sought to identifY the major 
environmental, biological, and plant operating factors which influence 
involvement and survival. This information has been used in conjunction 
with thermal laboratory data to develop a mathematical model for historical 
and predictive estimation of entrainment mortality factors (fc), which are 
in turn used to calculate conditional mortality rates. 

Supplementary studies have been conducted to provide information on specific 
aspects of the entrainment process and sampling program. These include: 
calibration of the sampling gear to quantifY sampling stress; evaluation of 
the influence of the diffuser discharge on survival through use of a scale 
model; and evaluation of a model, angled, fine-mesh intake screen for 
reducing entrainment losses. 

Ecological Analysts, Inc., has reported the results of these programs in a 
series of reports prepared for Orange and Rockland Utilities, Inc.: 

1. Bowline Point Generating Station Entrainment Survival and Abundance 
Studies. 1975 Annual Interpretive Report. 1976. 

2. Bowline Point Generating Station Entrainment and Impingement Studies. 
1976 Annual Report. 1977. 

3. Bowline Point Generating Station Entrainment Survival Studies. 1979 
Annual Report. 1978. 
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4. Bowline Point Generating Station Entrainment Abundance Studies. 
1977 Annual Report. 1978. 

5. Bowline Point Generating Station Entrainment Abundance and Survival 
Studies. 1978 Annual Report. 1979 

For detailed information on each of these annual studies, the reader is 
referred to these documents. This report will provide a detailed analysis of 
the studies conducted during 1979 (for which no separate annual report has 
been prepared) and a summary and analysis of the entire five-year data base. 

6.2 ENTRAINMENT ABUNDANCE 

6.2.1 Introduction 

Entrainment abundance studies have been conducted at the Bowline Point plant 
from 1975 through 1979 to assess involvement of ichthyoplankton in the once
through cooling system of the plant. Information on involvement obtained 
from these studies is used in conjunction with data from the river to evalu
ate abundance of entrained organisms relative to river-wide and local popula
tions, and with entrainment survival data to evaluate overall susceptabili ty 
of the population to the stresses of entrainment. Species and life stage 
composition, seasonal densities, length frequeney, diel distribution, and 
differences between Units 1 and 2 were ·examined as part of these studies. 
The primary emphasis was on striped bass, white perch, Atlantic tomcod, bay 
anchovy, and clupeids. Abundance has b4:en studied independently at the 
intake and discharge since 1976 and at 1::.he intake alone in 1975. The samp
ling gear, procedures, and frequency evolved between 1975 and 1979 in order 
to optimize sampling effort at the time of peak entrainment for the key taxa 
(Table 6 -1) • 

6.2.2 Methods and Materials 

6.2.2.1 Overview of Collection Proeedures from 1975 through 1979 

Discharge samples were collected with an automatic pumped sampler (Figure 
6-1) which provided continuous 24-hour data throughout the peak periods of 
entrainment and estimates of diel distr:Lbutions of ichthyoplankton. With 
this system, water was pumped from the discharge standpipe by a 7.6-cm 
(3-in.) electric pump. Samples were collected i.n a cylindrical plankton net 
(505-]JIll bar mesh) mounted in a tank 1 m in diamE!ter and 1.2 m deep. The 
pump automatically shut down every hour for approximately 2 minutes during 
the net rinse cycle. After each rinse, the sample was concentrated and pre
served with· 10 percent formalin. One-hour samples were then composited to 
obtain one 24-hour sample or eight 3-hour samples (diel series). After 
each collection period (3 or 24 hours), the sample was transferred to a 
labeled 800-ml glass jar and preserved ~rith 10 percent formalin. Sample 
volumes were measured with a calibrated 7.6-cm C3-in.) inline flowmeter. 
The sample duration and number of cycles were automatically registered by 
a mechanical recorder. Ambient water t€~mperature, conductivity, dissolved 
oxygen, and pH were monitored at the beginning and end of each sample. 
Samples were collected on from one to six days a week, depending on the 
year and ichthyoplankton abundance (Table 6-1). 
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TABLE 6-1 SUMMARY OF THE PRIMARY CHANGES IN THE ENTRAINMENT ABUNDANCE SAMPLING PROGRAM 
MADE AT THE BOWLINE POINT PLANT FROM 1975 TO 1978 

Year 

1975 

1976 

1977 

1978 

19'19 

Station 

Intake 

Intake 

Intake 

Discharge 

Intake 

Discharge 

Intake 

Discharge 
Unit 1 

Discharge 
Unit 2 

Intake 

Discharge 

samplin~a) 
Device 

505-~'m net 

505-l1m net 

II-in. pump 
manifold 

3-in. pump 
505-l1m net 

505-11m net 

Autosampler 
3-in. pump 
505-\Jm net 

571-l1m net 

Autosampler 
3-in. pump 
505-11m net 

Autosampler 

571-l1m net 

Au tosampler 
3-in. pump 
50S-11m net 

Sampling 
Season 

FEB-OCT 

FEB-SEP 

FEB-SEP 

JUN-AUG 

FEB-AUG 

FEB-AUG 

FEB-AUG 

FEB-AUG 

MAR-AUG 

MAR, 
MAY-JUL 

MAR, 
MAY-JUL 

Sampling 
Freque~ 

day/week 

day/week 

day/week 

1-11 days/week 

1-2 days/week 

11-6 days/week 

1-2 days/week 

3-11 days/week 

2 days/week 

1-2 days/week 

S days/week 

Diel 
Schedule(b) 

N,S,M,S 

N,S,M,S 

N,S,M,S 

Sunset 

N,M 

8 3-hour 
samples(h) 

N,M 

8 3-hour 
samples(i) 

N,M 

8 3-hour ( 
samples 1) 

Sample 
Duration 

(min) 

5_90(d) 

30 

30 

3 hours 

6-30 

211 hours 

30 

211 hours 

211 hours 

30 

211 hours 

(a) All intake nets are 0.5-m conical plankton nets, 1.9-m long, with a porosity of 50 percent. 
(b) N,S,M,S = noon, sunset, midnight, sunrise. 
(c) S,M,B = surface, middepth, bottom. 

Sample 
Depth(c) 

S,M,B 

S,M,B 

S,M,B 

minto 
3.2-m diameter 
discharge pipe 

S,M,B, 

minto 
3.2-m diameter 
discharge pipe 

S,M,B 

minto 
3.2-m diameter 
discharge pipe 

minto 
3.2-m diameter 
discharge pipe 

S,M,B 

minto 
3.2-m diameter 
discharge pipe 

Flowmeter 

G.O. mechanical(e) 

G.O. mechanical(e) 

In-line 

In-line 

G.O. mechanical(f) 
Cushing 

electromagnetic 

In-line 

Cushing 
electromagnetic (g) 

In-line 

In-line 

Cushtng ( ) 
electromagnetIc g 

In-line 

(d) Sample duration was changed during 1975 to detet'mine optimal duration which would minimize net clogging and maximize sample volume. 
(e) Volume calculated [I'om velocity matrix, duration, and area of net mouth; flowmeter used to identify, and void clogged samples. 
(f) One Cushing and two G.O. metel's rotated between three depths. Cushing meter data used to create velocity matrix. 
(g) Cushing meter in each net used to determine volume of samples. . 
(h) Diel sampling occurred on 1 day each week during peak abundance; all other days were 211-hour composites. 
0) Diel sampling occurred at least 1 day each week and on 2 days during peak abundance; all other days were 211-hour composltes. 
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Figure 6-1. Schematic diagram of sampling components of Ecological Analysts' automated 
abundance sampling system - AUTOSAM (U_S_ Patent No_ 4.145.925). 



Samples were collected at the surface, middle, and bottom depths at the 
intake in an attempt to account for vertical stratification of ichthyoplank
ton. Plankton nets 0.5 m in diameter and 1.9 m long were used to meet clear
ance limitations at the intake structure. The net mesh opening was changed 
from 505 to 571 ~ in 1978; however, this change did not affect the porosity 
(50 percent) of the nets. The nets were mounted on a rigid frame parallel 
to and in front of the Unit 1 trash racks (Figure 6-2) and samples began 
and ended when the surface net reached the water surface. Two consecutive 
30-minute samples were collected at. both noon and midnight; additional sets 
of samples were collected at dawn and dusk in 1975 and 1976. In 1975, sample 
durations varied between 5 and 90 minutes during studies to determine the 
optimal duration to prevent clogging and maximize sample volume. Prior to 
1978, sample volumes were estimated using a velocity matrix over tide and 
plant pump operation. Flowmeters were used to identifY and void clogged 
samples. In 1978 and 1979, a Cushing electromagnetic flowmeter was used to 
determine the volume for each sample. The mean velocity for the samples at 
each depth was calculated from velocity measurements taken at 5-minute inter
vals throughout the sample. At the completion of each 30-minute collection 
period, the nets were thoroughly rinsed into the codend. The samples were 
then transferred to labeled 800-ml glass jars and preserved with 10 percent 
formalin. 

Preserved samples were transported to laboratory facilities for workup and 
quality control analysis. In the laboratory, samples were transferred to 
blackened Pyrex trays, sorted, and enumerated by life stage. Ichthyoplankton 
specimens were removed from each sample, placed in vials according to life 
stage, and preserved with 5 percent formalin. Each specimen was identified 
to family or species with emphasis on the most abundant species. Because 
of the difficulty involved in differentiating the early life stages of ale
wife and blueback herring, these two species were grouped under the name 
clupeids. American shad and other species in the family Clupeidae were 
identified to the species level. Identification was facilitated by available 
literature (Table 6-2) and an ichthyoplankton reference collection. 

The identification of rare or unusual specimens was verified by a specialist 
in ichthyoplankton taxonomy. Length was measured on selected diel and net 
samples and the most abundant species. Quality control procedures were 
applied to both sorting and identification (proportion defective analysis). 
This was an acceptance sampling procedure which randomly selects a portion 
of the samples for rework. The procedure provides an average outgoing 
quality level (AOQL) with an error rate of no more than 10 percent. 

6.2.2.2 1979 Studies 

During the 1979 entrainment study, samples were collected throughout March 
and from 20 May through 14 July (Table 6-3). Instead of the 24- and 3-hour 
discharge samples described above, two 2-hour samples were collected each 
day from 20 May through 9 June. During this period, the Bowline Point plant 
was offline and two cooling water pumps were operated for part of the day to 
permit sampling. The 2-hour samples were made during the day and at night 
and timed to coincide with intake and river sampling (at approximately 1300 
and 2100 hours on two days each week). 
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TABLE 6-2 LIST OF PRIMARY LITERATURE SOURCES USED IN LABORATORY 
IDENTIFICATION OF ICHTHYOPLANKTON 

Chambers et al. 1969 
Cianci 1969 
Mansueti and Hardy 1967 
Scotten et al. 1973 
Leim 1924 
Lippson and Moran 1974 
Hildebrand and Schroeder 1928 
Bigelow and Schroeder 1953 
Booth 1967 
Mansueti 1958 
Bayless 1972 
Doroshev 1970 
Rathjen and Miller 1957 
Dovel and Edmonds 1971 
Krester 1968 
Bath 1974 
Wang and Kernehan 1979 



TABLE 6-3 SUMMARY OF THE NUMBER OF ABUNDANCE SAMPLES COLLECTED 
AT THE BOWLINE POINT PLANT IN 1979 

Dischar~e Intake 

Diel(a) 2-Hour{b) 
Unit 1 

Date 24-Hour DaZ/Nifjht Cc ) 

4-10 MAR 4 1 

11-17 MAR 4 

18-24 MAR 4 

25-31 MAR 4 

20-26 MAY 4 2 

27 MAY - 2 JUN 3 2 

3-9 JUN 4 2(d) 

10-16 JUN 3 2 2(d) 

17-23 JUN 2 2 2(d) 

24-30 JUN 3 2 2 

1-7 JUL 3 2 2 

8-14 JUL 3 2 1 

(a) Diel surveys consist of eight 3-hour samples collected in a single 
24-hour period. 

(b) Between 20 May and 9 June sampling eonsisted of two 2-hour samples 
taken at the same time that the intake nets were sampled, because the 
plant was down and limi ted the amount of time for sampling. 

(c) For days sampled at the intake therEl were two consecutive 30-minute 
samples for surface, middle, and bottom depths taken at noon and 
midnight. 

Cd) Between 7 June and 21 June samples consisted of three 10-minute 
composites for a 30-minute sample, because of clogging observed 
during that time. 



High densities of filamentous algae necessitated reduction of intake sample 
durations to 10 minutes from 7 June through 21 June to avoid net clogging. 
Three 10-minute samples were composited to obtain the standard 30-minute 
samples during this period. 

Although common names will be used in this report, a list of common and scien
tific names has been included (Table 6-4) for clarity and for the convenience 
of the reader. 

6.2.3 Results and Discussion 

6.2.3.1 1979 Discharge Sampling 

Entrainment abundance and species composition were determined from the 
24-hour samples collected at the discharge. The majority of the organisms 
collected during 1979 were the early life stages of anadromous or migratory 
estuarine taxa (i.e., bay anchovy, Atlantic tomcod, striped bass, clupeids 
and white perch) which spawn during spring and early summer. Post yolk-sac 
were predominant in discharge samples (12.6 percent) followed by eggs (8.1 
percent). Bay anchovy accounted for 56.6 percent of all ichthyoplankton 
entrained during 1979 (Table 6-5). The next four most abundant taxa were 
Atlantic tomcod, white perch, striped bass, and Clupeids. These five taxa 
constituted 89.9 percent of the collections. Rainbow smelt eggs were also 
abundant during 1979, composing 4.7 percent of the total catch. 

6.2.3.1.1 Bay Anchovy 

Bay anchovy spawn in the high salinity portion of the Hudson River throughout 
the summer, and eggs were collected in June and early July until the end of 
scheduled sampling in mid-July (Figure 6-3, Appendix E, Table E-1). Bay 
anchovy post yolk-sac larvae were present'from late June through the end of 
the sampling effort. Ambient water temperature during this period ranged 
from 20 to 24 C. Entrained bay anchovy ranged from 2 to 65 mm in length 
(Table F-1). Larvae from 6.0 to 8.9 mm were the most abundant length group 
and constituted 25 percent of all anchovy collected at the discharge (Fig
ure 6-4); the remaining bay anchovy were distributed evenly from 3 to 24 mm. 
The length frequency of bay anchovy entrained during 1979 was similar to 1.978 
(EA 1979a), skewed slightly toward smaller organisms. However, because of 
the short sampling season, the abundance of larger organisms may not be 
accurately represented. The peak probably occurred in late July for yolk-sac 
and post yolk-sac larvae, similar to 1978. Bay anchovy post yolk-sac larvae 
exhibited slightly higher densities at night and lowest densities during the 
afternoon (Figure 6-5, Table G-1). This pattern was similar to that observed 
during 1977 and 1978 when higher densities occurred between 2100 and 0900 
hours; however, the peaks were not as distinct as in previous years. When 
the entrained population is examined by 3-mm length groups, two distinct 
diel patterns are apparent (Figure 6-6). Bay anchovy in the two smaller 
length classes (3-9 mm) were more abundant during the day with minimum den
sities from 1800 to 0300 hours; the two larger length classes were most 
frequently collected from 1800-0300 hours. The intermediate length classes 
(9-20 mm) were variable in distribution. 
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TABLE 6-4 LIST OF COMMON AND SCIENTII~I C NAMES OF THOSE TAXA COLLECTED 
IN ENTRAINMENT ABUNDANCE SAMPLES AT THE BOWLINE POINT 
PLANT 

Family 

Anguillidae 

Clupeidae 

Engraulidae 

Osmeridae 

Cyprinidae 

Gadidae 

Belonidae 

Cyprinodontidae 

Atherinidae 

Syngnathidae 

Percichthyidae 

Centrachidae 

Percidae 

Pomatomidae 

Sciaenidae 

Soleidae 

Pleuronectidae 

Genus Specie~!..--

Angu illa rostra tel 

Alosa aestivalis 
Alosa sapid is sima; 

Anchoa mitchilli 

Osmerus mordax 

Notropis hudsonius 

Microgadus tomcod 

Strongylura marin!! 

Fundulus spp. 

Menidia spp. 

Syngnathus fuscus 

Morone spp. 
Morone americana 
Morone saxatilis 

Micropterus salmo:ldes 

Etheostoma olmstedi 
Perea flavescens 
Stizostedion vitrE~ 

Poma tomu s sa 1 ta tr :LX 

Cynoscion regalis 

Trinectes maculatus 

Pseudopleuronecte~ 

americanus 

Accepted Common Name 

American eel 

Herring 
Blueback herring 
American shad 

Anchovy 
Bay anchovy 

Rainbow smelt 

Minnow and carp 
Spottail shiner 

Atlantic tomcod 

Atlantic needlefish 

Killifish 

Silverside 

Northern pipefish 

Temperate bass 
White perch 
Striped bass 

Sunfishes 
Largemouth bass 

Perch 
Tessellated darter 
Yellow perch 
Walleye 

Bluefish 

Weakfish 

Hogchoker 

Winter flounder 



TABLE 6-5 NUMBER AND PERCENT COMPOSITION BY TAXA AND LIFE STAGE 
OF ORGANISMS ENTRAINED AT THE BOWLINE POINT PLANT 
DISCHARGE! 1979 

Species Eggs YSL PYSL JUV UID Total -.-L 
Bay anchovy 134 2 5,088 5,224 57.6 
Atlantic tomcod 92 236 980 1,236 13.6 
White perch 136 65 337 13 551 6.1 
Striped bass 122 333 88 543 6.0 
Morone spp. 3 384 2 125 514 5.7 
Rainbow smelt 431 2 5 438 4.8 
Silversides 63 90 153 1.7 
Unidentifiable 5 1 130 136 1.5 
Clupeids 89 89 1.0 
Sunfish 56 20 76 0.8 
Minnow 25 30 5 60 0.7 
American eel 4 44 0.5 
American shad 3 3 <0.1 
Killifish 1 1 3 <0.1 
Tessellated darter 2 2 <0.1 
Hogchoker 1 1 <0.1 
Northern pipefish 1 1 <0.1 
Atlantic needle fish 1 1 <0.1 
Total 732 435 6,588 157 1 ,163 9,075 
Percent of total 8.1 4.8 72.6 1.7 12.8 
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6.2.3.1.2 Atlantic tomcod 

Atlantic tomcod larvae were collected at the Bowline Point plant discharge 
from early March until the end of March, with peak densities of YOlk-sac 
larvae during the third week and post yolk-sac larvae during the last week 
of March (Figure 6-7, Table E-2). The maximum density of yolk-sac and post 
yolk-sac larvae in 1979 was approximately half that observed in 1978. Conduc
tivity during the 1979 peak was much lower (less than 200 J.lmhos/cm), which 
may have been responsible for a shift :Ln the river-wide distribution of tomcod 
larvae between these years. Yolk-sac ,md post yolk-sac larvae were collected 
at ambient temperatures from 0.4 to 5.0 C and discharge temperatures from 7 
to 13 C. Juveniles were not collected during 1979; however, based on data 
from previous years, juveniles would not be expected to occur until early May 
when sampling did not occur. The length frequency of Atlantic tomcod was 
similar to that observed in 1977 and 1978 (Figure 6-4, Table F-2). Larvae 
measuring 6-9 mm consitituted 99 percent of all Atlantic tomcod measured. 
The diel distribution of tomcod larvae exhibitE!d a minimum abundance between 
1800 and 2100 hours and peak abundance between 0300 and 1500 hours (Figure 
6-8, Table G-2). 

6.2.3.1.3 White Perch 

White perch spawn during late spring in the Hudson River and eggs were most 
abundant at the discharge during the la.st week of May when ambient water tem
perature was 17-20 C (Figure 6-9, TablE! E-3). Because the unit was offline, 
discharge temperatures were approximately the same as ambient river tempera
tures and the density of eggs was lower than 1977 and 1978. The abundance 
of yolk-sac and post YOlk-sac larvae was lower in 1978 but higher than 1977. 

Larvae measuring 3-6 mm constituted 78 percent of all white perch collected 
(Figure 6-4, Table F-3). The same length category was most abundant in 1977 
and 1978, but larvae were distributed more evenly from 3 to 18 mm during 
1977 • 

White perch yolk-sac larvae were collected in a bimodal distribution with 
peaks in abundance at 1500-1800 and 0300-0600 hours (Figure 6-10, Table G-3). 
Post yolk-sac larvae exhibited a diel pattern of entrainment with peak density 
between 2400-0300 hours. The smaller length groups 0-9 mm) were abundant 
throughout the day with a slight increase in abundance between 1500-0600 hours 
(Figure 6-11). White perch larger than 9 mm were infrequently collected dur
ing daylight, with peak densities occurring bet1.1een 2400 and 0600 hours. 

6.2.3.1.4 Striped Bass 

Similar to white perch, striped bass la:~vae werE~ collected from the end of May 
through the beginning of July; however, no eggs were collected. Peak densities 
of yolk-sac larvae and post yolk-sac larvae (Figure 6-12, Table E-4) occurred 
during the third, fourth, and fifth week of June, respectively. During this 
period, ambient water temperature was 19-24 C and discharge temperature was 
23-29 C when the unit sampled was onlinE:; othervdse discharge temperatures 
were at or slightly above ambient temperatures. The peak abundance of yolk
sac and post yolk-sac larvae was approximately one-half that observed in 1977 
and 1978 and occurred one week later than in 19,(8 (EA 1978c). Spring river 
temperatures during 1978 were approxima~~ely 2 weeks ahead of those observed 
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in 1979 and may indicate that spawning and growth were earlier in 1978. In 
addition, river conductivity was lower in 1978 (less than 700 ~hos/cm) than 
1979 (greater than 1,000 ~hos/cm), which may have resulted in differences 
in river distribution and relative abundance in the vicinity of the Bowline 
Point plant. Juveniles were collected from mid-June to early July with peak 

. abundance that was two times higher than 1978 during the last week in June. 
Ambient water temperature and conductivity were similar when peak juvenile 
abundance occurred in 1977, 1978, and 1979. 

Striped bass collected during 1979 ranged from 5 to 34 mm in length. The 
length distribution was similar to 1977 and 1978, with 31 percent of all 
striped bass between 6 and 9 mm (Figure 6-4, Table F-4). 

Striped bass were most abundant at night. Peak yolk-sac, post yolk-sac, 
and juvenile abundance occurred between 2100 and 0600 hours (Figure 6-13, 
Table G-4). The diurnal distribution with peak collection at night becomes 
progressively more distinct with length (Figure 6-14). Larvae larger than 
15 rom are collected almost exclusively between 2100 and 0600 hours. 

6.2.3.1.5 Clupeids 

Clupeids (alewife, blueback herring, and American shad) spawn primarily in 
the freshwater portion of the river north of Bowline Point. Spawning of 
these three clupeids overlaps temporarily and ranges from April through June. 
American shad were rarely collected (less than 1 percent of the total abun
dance) during abundance sampling. In 1978, eggs and larvae were most abun
dant in entrainment samples from mid-May through late June; however, during 
1979, eggs and YOlk-sac larvae were not collected possibly because of the 
limited sampling effort while the plant was offline. Abundance of post yolk
sac larvae was very low in 1979, with a peak observed during the second week 
of June when ambient temperatures reached 18-20 C (Figure 6-15, Table E-5). 
Clupeid larvae collected ranged from 4 to 28 mm in length. Larvae from 6 
to 9 mm constituted 35 percent of the clupeids collected at the discharge 
(Figure 6-4, Table F-5). Clupeid juveniles were not collected during the 
season; Clupeid post yolk-sac larvae exhibited a variable diel pattern with 
peak abundance between 1800 and 2100 hours (Figure 6-16, Table G-5). The 
apparent difference between the bimodal 1978 and 1979 diel distribution is 
probably an artifact of the low abundance and limited sampling schedule in 
1979. 

6.2.3.2 1979 Intake Sampling 

Entrainment abundance and species composition were determined from 30-minute 
net samples at the surface, middle, and bottom depths at the Bowline Point 
plant intake. Samples were collected once per week during peak Atlantic 
tomcod season and· twice per week during peak Morone spp. occurrence. Bay 
anchovy larvae accounted for 66.1 percent of all ichthyoplankton collected 
(Table 6-6). The next four most abundant taxa were white perch, striped 
bass, Atlantic tomcod, and clupeids. Clupeid abundance was too low to draw 
any conclusions about distribution and will not be addressed further. 

Bay anchovy larvae were collected from 11 June - 9 July when all intake sam
pling stopped. Larval abundance gradually increased throughout the sampling 
season with peak densities of 1,003 per 1,000 m3 observed on the last sampling 
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TABLE 6-6 NUMBER AND PERCENT COMPOSITION BY TAXA AND LIFE STAGE 
OF ORGANISMS ENTRAINED AT THE BOWLINE POINT PLANT 
INTAKE, 1979 

Species Eggs YSL PYSL JUV UID Total _% ._-
Bay anchovy 8 979 988 66.7 
Atlantic tomcod 134 15 32 181 12.2 
White perch 5 143 3 151 10.2 
Striped bass 11 67 3 81 5.5 
Clupeid 27 27 1.8 
Minnow 17 3 20 1.3 
Silverside 12 12 0.8 
Unidentifiable 

specimen 9 10 0.7 
Morone spp. 5 1 6 0.4 
Sunfish 2 2 0.1 
Tessellated darter O. 1 
American eel 1 0.1 
Rainbow smelt 1 0.1 
Total 19 162 1,251 7 42 1,481 
Percent 1.3 10.9 84.5 0.5 2.8 



night, 9 July (Figure 6-17, Table H-1). More larvae were consistently col
lected at night than during the day. The density of larvae collected at the 
intake was not significantly different (t = 1.7046, d.f. = 7, a = 0.05) from 
that observed at the discharge when both stations were sampled on the same 
day. The average volume sampled at the intake and discharge during these 
periods was 448 m3 and 561 m3 , respectively. Over 55 percent of the bay 
anchovy collected were between 3-9 mm, and the rest were evenly distributed 
from 9 to 21 mm (Figure 6-18, Table I-1). This distribution was similar to 
that observed for pumped samples at the discharge (Figure 6-4). 

White perch were collected from 21 May - 5 July with maximum larval abundance 
observed on the night of 14 June (Figure 6-19, Table H-2). Larvae measuring 
3-5 rom constituted 36 percent of all white perch larvae collected (Figure 
6-18). White perch were most abundant at night, and no larvae larger than 
12 rom were collected during the day (Figure 6-20, Table I-2). All length 
classes were most abundant at the bottom or middepths; only the 3-6 mm range 
were found at all depths during both day and night. 

Comparison of the intake and discharge samples indicated no significant 
difference (t = 1.9645, d.f. = 5, a = 0.05) in densities of white perch 
collected. Furthermore, the length frequency distribution was also similar 
between the two stations, although more larvae were collected at the dis
charge between 3-6 mm. 

Striped bass were collected from 29 June to 2 July with peak abundance on the 
night of 14 June (Figure 6-21, Table H-3). Larvae from 6.0 to 8.9 mm consti
tuted 72 percent of all striped bass collected at the intake (Figure 6-18). 
As length increased through the season, larvae became less abundant in sur
face and middle depths (Figure 6-22, Table I-3). Nearly all the striped bass 
were collected at night; those collected during the day were observed at the 
bottom only. 

As with white perch and bay anchovy no significant differences were observed 
between the intake and discharge densities of striped bass (t = 0.2958, 
d.f. = 5, a = 0.05). No larvae over 18 mm were collected with the intake 
nets, whereas approximately 15 percent of the larvae collected at the dis
charge exceeded 18 mm. 

Atlantic tomcod were collected from 6 March to 27 March, the last sampling 
day for tomcod (Figure 6-23, Table H-4). Tomcod yolk-sac larvae abundance 
peaked on 27 March at 158 per 1,000 m3; post yolk-sac larvae peaked the same 
night at 34 per 1,000 m3 • All tomcod collected were between 6.0-8.9 mm 
(Figure 6-18). Tomcod were evenly distributed over depth during the day 
(Figure 6-24, Table I-4); however, at night the bottom depth had lower abun
dance than the surface and middle depths. In addition, Atlantic tomcod was 
the only species collected during the day at the intake with densities simi
lar to night collections (Figure 6-23). This observation is consistent with 
the die 1 pattern at the discharge; discharge densities for the diel periods 
most closely associated with intake samples (1500 and 2100 hours) were also 
similar (Figure 6-8). Again, no significant differences in average daily 
density were observed between the intake and discharge (t = 0.5907, d.f. = 3, 
a = 0.05), and the length distribution was the same for both stations. 
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Figure 6-21. Seasonal distribution of striped bass at the Bowline Point 
plant intake during entrainment abillndance studies, 1979. 
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Figure 6-22. Depth-frequency distributions of striped bass collected day or 
night by length class at the Bowline Point plant intake, 1979. 
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6.2.3.3 Entrainment Abundance Monitoring ,- 1975-1979 Overview 

Between 1976 and 1979 entrainment abundance was monitored at the Bowline 
Point plant using nets and pumps; during 1975 only plankton nets were used. 
Special studies were conducted during 1975 (EA 1976) to determine the optimal 
sampling duration with the 0.5 m, 505-~m mesh plankton nets (~7) which would 
provide the largest sample volume but minimize the likelihood of net clogging. 
The volume of water sampled with no significant (0: = 0.05) clogging ranged 
from 40 to 100 m3 depending on net location (surface vs. bottom) and season 
(May vs. July). In a related conclusion, EA (1976) found that at intake veloc
ities of 15-25 cm/sec. clogging of the net did not affect total sample volume 
for durations up to 30 minutes. As intake velocities at the Bowline Point 
plant do not exceed this range, sampling durations subsequent to 1975 were 
standardized at 30 minutes. However, durations were occasionally reduced if 
flowmeter records or detrital and algae densities indicated a potential for 
clogging. 

During 1976 an experimental three-depth pumped sampler was tested at the 
Bowline intake as a potential alternative to sampling with plankton nets 
(EA 1977b). Densities and seasonal distribution from both gear were similar 
during striped bass, white perch, and clupeid entrainment seasons (late May 
through June). However, more larger organisms were collected by the pum~ 
system. Although juvenile striped bass and white perch were collected by 
the pumps, none were collected in the nets. TI1 contrast, bay anchovy abun
dance was higher in the nets than the pump, ·but the size range of organisms 
was similar for both years. Density varied with depth in the net samples; 
therefore, if disproportionate volumes were sampled from each depth by the 
two gear, densities and length frequencies for depth-composited samples 
may vary considerably between the·nets and pump. 

Densities of the major taxa were generally comparqble between the discharge 
and intake in 1977 and 1979. One major discrepancy between stations occurred 
for white perch eggs that were collected at the discharge in densities up to 
113 and 161 per 1,000 m3 during 1977 and 1979, respectively, but none were col
lected at the intake. This difference is probably the result of patchiness 
or stratification of eggs at the intake which is eliminated by mixing in the 
plant cooling system. Furthermore, although juvenile densities for the most 
abundant taxa were relatively low compared to other life stages, abundance 
at the discharge was much higher than at the intake. The maximum juvenile 
density for these two years was 9 per 1,000 m3 at the discharge. Avoidance 
of the intake nets or patchy distribution may account for this difference. 
During 1978 peak densities were coincident at the intake and discharge; 
however, densities at the discharge were approximately 1.5 (white perch) to 
8 (striped bass) times those observed at the intake. These comparisons of 
intake and discharge sampling indicate that the intake nets can generally 
provide data comparable to the discharge pumps. However, samples collected 
by pump at the discharge may provide a consistently more accurate estimate 
of entrainment abundance at the Bowline Point plant particularly for both 
life stages (i.e., juveniles). This is true because at the discharge the 
effects of ichthyoplankton patchiness and stratification may be reduced by 
mixing, and the potential for avoidance may be lower as a result of decreased 
light, visual cues, and approach velocity (tow speed) of ~he gear. In addi
tion, the pumped sampler provides a mere accurate measure of volume and 
eliminates the potential for clogging. 
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The species composition of entrainment abundance samples was similar from 
1975 to 1979 at the Bowline Point plant (Table 6-7). Bay anchovy, Atlantic 
tomcod, white perch, striped bass, and clupeids generally comprised more than 
85 percent of all organisms in each year. Differences between years primar
ily reflect differences in sampling frequency, duration, and organism distri
bution patterns related to riverwater chemistry. For example, during 1979, 
bay anchovy accounted for only 57.3 percent of the total catch because abun
dance sampling was terminated during the early part of bay anchovy season 
(early July); whereas sampling continued to the end of August between 1975 
and 1978 when bay anchovy abundance exceeded 70 percent of the total catch. 

Abundance of larval Atlantic tomcod in entrainment collections varies with 
conductivity. From 1975 to 1978, peaks in post yolk-sac abundance coincided 
with increases in river conductivity near Bowline (EA 1976, 1977b, 1978d, 
1979a). During 1975, 1976, and 1978 conductivity fluctuated during March 
and April and post yolk-sac larvae exhibited multiple peaks. During 1976, 
1977, and 1979 peak concentrations of yolk-sac larvae occured during periods 
of lowest conductivity. This pattern is consistent with differences in 
river-wide distributions of yolk-sac and post yolk-sac larvae Atlantic tom
cod. Generally, yolk-sac larvae are most abundant in areas of freshwater 
or very low conductivity north of Bowline Point, and post YOlk-sac larvae 
are most abundant in the lowest portion of the estuary where conductivity 
exceeds 100 ~hos/cm (EA 1978a). 

Bay anchovy larvae are collected only during the summer when conductivity is 
high (in excess of 5,000 ~hos/cm) and relatively stable. Generally, conduc
tivity increases during late June or early July. However, during 1975 and 
1979 when conductivity approached 4,000 llmhos/cm for a short period in mid
June, some eggs and larvae were collected; after conducti vi ty decreased, no 
bay anchovy were collected until conductivity increased again in mid-July. 

Abundance of striped bass, white perch, and clupeids in entrainment samples 
showed no clear relationship with conductivity; however, river temperature 
did appear to influence the temporal distribution of the peak. The optimal 
river temperature range for peak spawning and river-wide abundance are (T1 
1980a) : 

Life Stage 

Eggs 
Yolk-sac 
Post yolk-sac 

Temperature 

15-17 C 
16.4-19.9 C 
18.6-21.5 C 

Abundance of the life stages entrained at the Bowline Point plant is gener
ally consistent with these optimal river temperature ranges. During 1978, 
1977, and 1975, intake temperatures reached 15 C during mid-May; peak yolk
sac larval abundance at Bowline occurred about 2 weeks later at approximately 
20 C (Table 6-8). Post yolk-sac entrainment was highest about 2 weeks after 
peak yolk-sac abundance in mid-June at about 22 C during 1979, 1978, and 
1975. In 1977 the river temperature increased rapidly during mid-May and 
reached 20 C by 20 May. Similarly, post yolk-sac abundance occurred during 
the first week of June (one week earlier than 1979, 1978, and 1975) at about 
22 C. In 1976, the river temperature at Bowline Point began to increase 
earlier and reached 15 C on 8 May, accompanied by a peak in yolk-sac abun-
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TABLE 6-7 NUMBER OF ORGANISMS AND PERCENT OF ANNUAL COLLECTION FOR THE MOST ABUNDANT TAXA 
COLLECTED DURING ENTRAINMENT ABUNDANCE STUDIES AT THE BOWLINE POINT PLANT 

Percent of Annual Catch 

1979 1978 1977 1976(a) 1975(a) 

Bay anchovy 57.3 (5,224)(b) 70.8 (19,929) 70.8 (13,663) 73.4 (4,808) 86.9 (8,532) 

Atlantic tomcod 13.6 ( 1,236) 3.3 (937) 12.7 (2,447) 8.7 (530) 9.8 (961) 

White perch 6.0 (551) 5.6 (1,568 ) 3.4 (658) 8.1 ( 497) 1.0 (94) 

Striped bass 6.0 (543 ) 4.6 (1,296 ) 4.8 (932) 1.6 (99) 0.4 (43) 

Clupeids 1.1 (92) 3.4 (948) 1.7 (331) 1.4 (87) 0.4 (37) 
84.0 87.7 93.4 93.2 98.5 

(a) Data for 1975 and 1916 taken from intake net and pump sampling; 1977-1979 data taken from discharge 
pump sampling. 

(b) Number in parentheses equals number of organisms collected. 



'fABLE b-tI DATES OF PEAK STRIPED BASS AND WHITE PERCH ENTRAINMENT IN RELATION TO RIVER TEMPERATURE 
AT THE BOWLINE POINT PLANT, 1975-1919 -

Date of Peak Abundance 

Species Year EGG YSL(a) PYSL JUV 

12-18 JUN 15-18 JUN 25-26 JUN 

First Date 
River Temp. 
Recorded 

15 C 20 C 

15 MAY 4 JUN Striped bass 1919 NC(b) 

1918 NC 3-10 JUN 14-20 JUN 25-30 JUN 20 MAY 31 MAY 

White perch 

1977 NC 2-8 JUN 2-8 JUN 29-30 JUN 12 MAY 20 MAY 

1916 NC 11 MAY - 15 JUN 15 JUN - 13 JUL 13 JUL 8 MAY 14 JUN 

1915 NC 4 JUN 11-18 JUN NC 15 MAY 28 MAY 

1979 24 MAY - 4 JUN 15-21 JUN 

1918 22 MAY - 3 JUN 2-16 JUN 

1911 16-23 MAY 23 MAY 

1916 4-11, 25 MAY 8 JUN 

1915 NC NC 

12-18 JUN 

5-16 JUN 

2-5 JUN 

1, 22-30 JUN 

11-18 JUN 

25 JUN 15 MAY 4 JUN 

NC 20 MAY 31 MAY 

29 JUN - 5 JUL 12 MAY 20 MAY 

NC 8 MAY 14 JUN 

18 JUN 15 MAY 28 MAY 

Ca) YSL = yolk-sac larvae; PYSL = post yolk-sac larvae; JUV = juvenile. 
(b) NC = no catch. 



dance on 11 May. However, a period of cold weather caused a decline in river 
temperatures during late May, and a seeond peak in YOlk-sac larvae occurred 
at 21 C in mid-June. After the cold wE!ather in May the river did not reach 
20 C until 14 June, and the peak of PO~!t YOlk-sac abundance was protracted 
from mid-June through mid-July. This delay during 1976 carried through to 
juvenile entrainment which peaked on 13 July, whereas in 1977 through 1979 
the peak occurred during the last week of June. River-wide striped bass 
ichthyoplankton abundance also exhibite,d this bimodal peak during 1976, an 
apparent result of two major spawning periods (TI 1979). 

White perch entrained at the Bowline Pcint plant 
with respect to river temperatures (Table 6-8). 
variable throughout the spring of all five years 
history differences between alewife and blueback 
environmental effects. 

exhibited a similar pattern 
Clupeid abundance was highly 
and probably reflects life 
herring which tend to mask 

Diel trends in abundance were tested statistically with the Friedman rank sum 
test (Hollander and Wolfe 1973) for only the most abundant taxa-life stage 
combinations. To avoid loss of power for the test, sampling dates on which 
the organism was present in the sample in less than five of the collection 
periods were omitted from the test. The null hypothesis that densities in 
all collection periods are equal was tested against the alternative hypothesis 
that densities in all collection periods are not equal. Based on the Friedman 
rank sum test (Table 6-9) the differences in density among collection periods 
were significant for striped bass (0: = 0.01) and white perch post yolk-sac 
larvae (0: = 0.05). The most abundant taxa were generally collected in the 
highest densities between 2400 and 0900 hours, 'Nhile lowest densities occurred 
between 0900 and 1500 during each year (Table 6.-10). Some of the variability 
observed between years for the major taxa is related to annual differences 
in the relative proportions of each lifl:! stage (Atlantic tomcod) or species 
(Clupeids), and sample variability during years of low density or sampling 
effort (striped bass, 1977). When diel densitiE~s are averaged across years 
(1977 through 1979 discharge samples) the same trend is generally apparent 
(Figure 6-25). Striped bass and Atlantic tomcod exhibit the largest diel 
differences. The peak (48 to 59 percent of the total daily density) for post 
yolk-sac larvae of both species and yolk-sac striped bass occurs between 2400 
and 0900. Tomcod YOlk-sac larval density was lowest between 0300 and 1200 
and exhibited a relatively even distribution at higher levels throughout the 
rest of the day. Yolk-sac white perch had a bimodal distribution with dis
tinct peaks at 1500-1800 and 0300-0600 hours. Bay anchovy and white perch 
post yolk-sac exhibit no distinct peak but had minimun densities between 1200 
and 1500. Clupeids had two minor peaks (1200-1500 and 2400-0600) which may 
reflect diel differences in the geographical (vertical or horizontal) distri
bution of alewife and blueback herring. 

The diel pattern of entrainment is important whE!n considered in conjunction 
with a diurnal-generation profile of thE! BowlinE! Point plant and ichthyoplank
ton survival of thermal stress. The generation profiles show that the plant 
typically operates at daily minimum levE!ls of 20-30 percent of capacity in the 
early morning hours, and reaches maximunl levels of 85-95 percent of capacity 
in mid-afternoon (EA 1978a). The day/night monthly plant capacity factors 
for the primary entrainment period indieate that between 2100 and 0600 the 
plant typically operates at less than 70 percent capacity (EA 1978a). 



TABLE 6-9 RESULTS OF FRIEDMAN RANK SUM TEST FOR DIFFERENCES IN DENSITIES ACROSS COLLECTION PERIODS 
FOR THE MOST ABUNDANT TAXA COLLECTED AT THE BOWLINE POINT DISCHARGE, 1975-1979 

Life Rank Sum for Each Time Period 
Taxon Stage(a) neb) 0900 1200 1500 1800 2100 2400 0300 0600 S1(c) 

Bay anchovy PYSL 16 78.5 82 93 72 69.5 63.5 60 58 10.53 

Striped bass YSL 5 28 34 25.5 25 24.5 17 12 14 13.21 
PYSL 14 68.5 82 78 73 60 48 41 53.5 18.53** 

White perch YSL 5 29 21.5 18 25 25.5 21 14 26 5.66 
PYSL 14 69 91.5 64.5 50 64.5 59 57.5 48 15.50* 

Atlantic tomcod YSL 6 33 26 34 21 16 23.5 32.5 30 9.97 
PYSL 5 23 25 28 24 23.5 17 15 24.5 . 4.36 

Clupeids PYSL 7 43.5 28 34.5 35.5 26 24.5 26.5 30 7.78 

PYSL = post yolk-sac larvae; YSL = yolk-sac larvae. (a) 
(b) 
( c) 

Number of samplin~ dates when organisms were collected in at least five of the eight collection periods. 
Test statistic (S ) has an approximate chi-square <X2 ) distribution under the null hypothesis 
(i.e., densities during all collection periods are equal); critical value at a = 0.05 is 14.1 
and at a = 0.01 is 18.5. 
Denotes p<0.05 

** Denotes p~0.01 
* 



TABLE 6-10 SUMMARY OF DIEL ENTRAINMENT ABUNDANCE; PATTERNS 
AT THE BOWLINE POINT PLANT, 1975-1979 

Time of Diel Peak 

Taxa 1979(a) 1978 (a ~ -1..2.77 (a) 1976(b) 1975(b) 

Striped bass 2400-0600 2100-0900 0900··1200 Night Night-Dawn 

White perch 2400-0600 None 1500··2400 Night Night-Dusk 

Atlantic tomcod 0300-0600 2400-0600 1800··2400 Night Dawn 
0900-1500 

Bay anchovy 0600-1200 2400-0600 2400 .. 0300 Night Night-Dusk 
2100-2400 

Clupeids 1800-2100 1200-1500 2400··0600 None Night-Dawn 
2400-0300 

(a) Continuous 24-hour pumped abundance samples collected at the discharge. 
(b) Intake net samples collected at noon, dusk, midnight, and dawn. 
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Representative Monthly Plant Capacity Factors (Percent) 

Daytime Nighttime 
Month (0600-2100 hours) (2100-0600 hours) 

APR 81.2 52.9 
MAY 79.9 59.6 
JUN 80.8 61.8 
JUL 84.3 71.1 
AUG 78.1 61.7 

The implication of this generation profile is that during the daily period of 
peak entrainment for the most abundant taxa thle plant operates at its daily 
minimum resulting in lower thermal discharges. Consequently, the exposure 
to thermal stress on a daily basis is minimized for much of the entrained 
ichthyoplankton population. 

One step in the analysis of entrainment impact is to determine the exposure 
of populations to entrainment in the plant condenser cooling systems (McFadden 
1977, Chapter 6). Since variation in total mortality rates during early life 
stages (particularly post yolk-sac larvae and early juveniles) can affect year 
class strength (TI 1980a), which in turn determines spawning stock abundance, 
a comparison of the river regional and entrainment densities for post yolk-sac 
larvae can provide an indication of exposure of a year class to entrainment. 
During the three years (1977 through 1979) for which pumped sampling data 
are available at the discharge, entrained densities of white perch and striped 
bass were lower (Figure 6-26) than densities in the Croton-Haverstraw Bay 
region (river miles 34-39). Densities of striped bass post yolk-sac larvae 
in the shoal strata (TI 1980a and b, Figure 6-:26), Bowline Pond (LMS 1978, 
1979), and the plant are comparable, indicating that in general the popula
tion entering Bowline Pond and exposed to entrainment is withdrawn primarily 
from the shoal strata. White perch entrainment densities were lower than 
observed in any of the three strata sampled by TI (shoal, channel, and bot
tom), and were also less than Bowline Pond densities. The differences 
observed between the plant and the river indicate that the susceptibility 
of white perch and striped bass population to ,entrainment is low because of 
limited exposure to the plant. This low exposure index is further demon
strated by the proportion of the population entrained. Yearly estimates of 
the number of entrained post yolk-sac larvae (observed plant density x the 
volume of water pumped through the condenser system) were always less than 
2 percent of the peak river-wide standing crops for both white perch and 
striped bass (Table 6-11, Appendix M). Furthermore, this estimate of the 
proportion entrained does not account for survival of these species, which 
ranges from 60 to 100 percent (Section 6.4). 

6.3 ENTRAINMENT SURVIVAL 

6.3.1 Introduction 

During 1975 through 1979, EA sampled at the intake and discharge of the 
Bowline Point plant to estimate the effects of entrainment in the plant's 
once-through cooling water system on survival of ichthyoplankton. The 
basic treatment-control design of the study al10wed estimates of survival 
following entrainment for ichthyoplankton collected at the discharge to 
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TABLE 6-11 SUMMARY OF THE NUMBEH OF POST YOLK-SAC WHITE PERCH AND 
STRIPED BASS ENTRAINED AT THE BOWLINE POINT PLANT 
UNITS 1 AND 2 RELATIVE TO PEAK STANDING CROPS DURING 
1975-1979 

Estimated Numbers Peak Standing Percent 
Year Entrained (Millions) Crop (Millions)(a) Entrained 

Striped bass 1979 1.5 314 0.5 
1978 7.8 439 1.8 
1977 7.1 559 1.3 
1976 3.2 242 1.3 
1975 2.2 717 0.3 

White perch 1979 2.7 1,966 0.1 
1978 5.6 2,827 0.2 
1977 2.3 1,847 o • 1 
1976 1 .6 2,080 0.1 
1975 3.8 1,378 0.3 

(a) Adapted from TI 1978, 1979, 1980a., 1980b, and 1980c. 



then be adjusted for the effects of sampling stress reflected by survival 
of ichthyoplankton collected before entering the cooling water system at 
the plant intake. 

Initial survival was determined from the number of live and dead ichthyo
plankton collected, and extended survival of live organisms was monitored 
for 96 hours to evaluate latent effects of entrainment. Two phases consti
tuted the entrainment survival studies: 

1. The wild larval populations were sampled at natural abundance levels 
in the river. 

2. Artificially propagated striped bass were released in high concentra
tion at the intake and sampled by the same procedure as wild larvae 
to provide a larger data base with which to evaluate survival. 

Most of the effort during these studies was expended during the periods of 
peak spawning and use of the estuary as a nursery area by larval and early 
juvenile life stages. Atlantic tomcod, striped bass, white perch, clupeids, 
and bay anchovy were studied. 

6.3.2 Methods and Materials 

6.3.2.1 Procedures Used to Assess Entrainment Survival of Wild 
Ichthyoplankton 

6.3.2.1.1 Sampling Schedule 

Survival samples in 1979 were collected during the peak period of ichthyo
plankton abundance as reflected by discharge abundance studies (Section 6.2). 
Samples were collected on 3-5 days each week; generally seven samples were 
collected daily between 1400 and 2200 to coincide with the diel period of 
peak abundance. Daily sampling was conducted 19 times during May and June 
(Table 6-12). The Bowline Point plant generated electric power during only 
one week of the sampling season (18-22 June); however, the circulating water 
pumps were operated during the remainder of the season (14 days) to provide 
estimates of mortality related to mechanical stress of entrainment in the 
absence of thermal discharge. 

The sampling efforts for each year from 1975 through 1978 are detailed in the 
respective annual reports (EA 1976, 1977b, 1978d, 1979a) and is summarized below: 

Year Sampling Season No. of Days No. of Samples 

1~9 23 MAY-27 JUN 19 435 
1978 13 MAR-21 JUL 40 547 
1977 7 MAR-15 JUL 46 736 
1976 15 MAR-29 JUL 39 688 
1975 3 JUN-25 AUG 37 400 

6.3.2.1.2 Sample Collection 

Although the basic experimental design with comparable intake and discharge 
sampling was similar from 1975 through 1979, a number of modifications were 
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TABLE 6-12 SUMMARY OF ENTRAINMENT VIABILITY SAMPLING EFFORT FOR WHITE 
PERCH AND STRIPED BASS AT THE BOWLINE POINT PLANT, 1979 

Number of Runs 
Intake Intake Rear- Discharge Discharge 

Date Pump Table Draw Flume Standpipe Diffuser 

23 MAY 3 I) 3 3 
30 MAY 7 :3 7 7 

1 JUN 9 9 9 9 
4 JUN 9 9 9 9 
7JUN 8 a 8 8 
8JUN 8 a 8 8 

11 JUN 7 ,-., 7 7 
12 JUN 3 :3 3 3 
13 JUN 2 () 2 2 
14 JUN 9 9 9 9 
15 JUN 8 B 8 8 
18 JUN( a) 7 ., 7 7 
19 JUN(a) 3 3 3 3 
20 JUN(a) 3 3 3 3 
21 JUN(a) 8 a 8 4 
22 JUN(a) 1 ') 2 2 ,. 
25 JUN 2 ') ,. 2 2 
26 JUN 9 9 9 6 
27 JUN 8 a 8 4 

(a) Plant was generating power; on all other days the circulating water 
pumps operated with no thermal discharge from the plant. 



made to the collection gear (Table 6-13) and procedures (Table 6-14) in an 
effort to minimize sampling stress. 

The pump/larval table collection system used for Atlantic tomcod sampling con
sisted of a modular one-screen collection flume (Figure 6-27), modified from 
the design of McGroddy and Wyman (1977). Sample water was delivered to the 
table by a 10-cm (4-in.) diameter Homelite centrifugal pump (two-vane open 
impeller) capable of passing solids up to about 5 cm in diameter. The flow 
rates and volumes of water pumped into each collection system were monitored 
with inline Sparling "Masterflo" flowmeters. The total volume of water sam
pled at each system during the standard 15-minute sampling interval ranged 
from 7 to 18 m3 • Water was drawn from middepth (4.6 m) at the intake through 
a 10-cm diameter flexible hose lowered perpendicularly to the intake flow. 
A similar hose was used to sample from approximately 2 m into the discharge 
standpipe. EA (1979a) reported that increased damage to the organisms and 
sampling mortality may have been related to head increase between 1977 and 
1978 efforts. To reduce the sampling suction head at the intake, therefore, 
both the table and pump were mounted on a raft (Figure 6-28). 

Samples were collected and concentrated in the larval tables which are approx
imately 4 m long, 1.2 m wide, and 0.6 m deep (Figure 6-27). The front of each 
table expanded from the 10-cm (4-in.) diameter hose opening to full table 
width, thus reducing the velocity and turbulence of the pumped water. At the 
end of the expansion section, a directional screen (505-lJIll mesh) diverted 
organisms, debris, and a small portion of the water into a collection box. 
A Q2 valve controlled the flow of water through the collection box and was 
also used to drain the collection box at the end of the· sampling interval. 
The remaining water exited through the overflow weirs behind the directional 
screens. Valves adjacent to the overflow weirs (Q1 valves) were used to 
drain the table at the end of the sampling interval. The time required to 
rinse and drain the collection systems was apprOXimately 15 minutes. 

Each sample taken with the pumped larval table was collected by pumping water 
through the system for 15 mintues. Before sampling, the pumps were started 
and the tables were filled with water. The speed of the pumps was adjusted 
to 1550-1650 rpm and maintained at this speed throughout sample collection. 
A removable calibration net (505-~ mesh) inserted near the front of each 
table prevented contamination of the sample with organisms that may have been 
collected during the start-up period. 

Sampling was initiated simultaneously at intake and discharge stations by 
removing the calibration net from each larval table. At the end of the 
15-minute sampling interval, the pump at each station was turned off and the 
table was drained. The table was continuously rinsed with a gentle flow of 
filtered ambient temperature river water during draining. After the sample 
was concentrated into the collection box, organisms and detritus were drained 
through a 3-cm vinyl tube into a detachable transportation container, and 
transferred to theonsite laboratory for sorting. The larval tables were 
thoroughly rinsed between samples with a high pressure spray wash to prevent 
contamination of subsequent samples by detritus and/or organisms adhering to 
the sides of the table and screens. The concentrate from this wash was pre
served in buffered formalin. 
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TABLE b-13 SAMPLING GEAR USED TO COLLECT ICHTHYOPLANKTON FOR ENTRAINMENT 
VIABILITY AT THE BOWLINE POINT PLANT 

Year 

1975 

1976 
(winter) 

1976 
(summer) 

1911 

1918 
{regular-} 

1918 
(special) 

1979(g) 
(pump) 

1919(h) 
(no pump) 

Station(a) 

Intake 
D2 

Intake 
D2 

Intake 
D2 

Intake 
Dl 
D2 

Intake 
Dl 
D2 

Diffuser 

Intake 
Dl 

Diffuser 

Intake 
Dl 

Intake 
Diffuser 

Sampling( b) 
Gp.ar Number 

Construction of 
Material Screens 

Plywood 
Plywood 

Plywood 
Plywood 

Plywood 
Plywood 

Aluminum 
Aluminum 
Aluminum 

Aluminum 
Aluminum 
Aluminum 
Aluminum 

Aluminum 
Aluminum 
Aluminum 

Aluminum 
Aluminum 

Aluminum 
Aluminum 

2 
2 

2 
2 

2 
2 

2 
2 
2 

2 
2 
2 

2 
2 

Mesh(c) 
Size 

(\1) 

505 
505 

505 
505 

505 
505 

505 
505 
505 

505 
505 
505 
505 

505 
505 
505 

505 
505 

505 
505 

Collection 
Box 

Type 

Lift basket 
Lift basket 

Lift basket 
Lift basket 

Siphon 
Siphon 

Siphon 
Siphon 
Siphon 

Siphon 
Siphon 
Siphon 
Sipilon 

Siphon 
Siphon 
Siphon 

Siphon 
Siphon 

Siphon 
Siphon 

Sample 
Container 

~~-

Open box 
Open box 

Open box 
Open box 

Closed box 
Closed box 

Closed box 
Closed box 
Closed box 

Closed box 
Closed box 
Closed box 
.", ___ ..lI .... _ .... 
V.1.V~CU UUA 

Closed box 
Closed box 
Closed box 

Closed box 
Closed box 

Hose 
Type 

4-in. flex 
4-in. flex 

4-in. flex 
4-in. flex 

4-in. flex 
II-in. flex 

II-in. flex 
II-in. flex 
4-ln. flex 

II-in. flex 
4-ln. flex 
4-in. flex 
~-in. flex 

4-in. flex 
II-in. flex 
II-ln. flex 

4-in. flex 
4-in. flex 

Closed box II-in. flex 
Closed box II-in. flex 

(a) Dl = Unit 1 dischargej D2 = Unit 2 dlschargej diffuser = Unit 1 diffuser. 

Number(d) 
of 

Pumps 

2 

o 

1 
1/0 
o 

o 
o 

(b) Intake orifice 1.0 m above ground level j intake orifice at water level in 1919 pumpless samplers. 
(c) 350-lIm mesh used in regular sampling for striped bass yolk-sac larvae, 22 May - 3 June 1918. 

Pump 
Type le ) 

Midwhirl 
Midwhirl 

Midwhirl 
Midwhlrl 

Midwhirl 
Midwhirl 

1I0melite 
1I0melite 
1I0melite 

Homelite 
Home lite 
lIomelite 

Homelite 
1I0melite 

1I0melite 
Homelite 

(d) No pump was required at diffuser j Dl used no pump when head in discharge standpipe was sufficient to start 
water siphoning (191B only) 

(e) Midwhirl intake orifice 1.5 m above ground with vortex impeller'j Homelite intake orifice 0.5 m above ground 
with open-face centrifugal impeller. 

(f) Special anchovy study. 
(g) Standard one-screen pumped samplers. 
(h) Floating ichthyoplankton sampling headers - pumpless. 

...!:.P!!l.-

800 
800 

BOO 
BOO 

1,100 
1,100 
1,100 

1,BOO 
1,BOO 
1,BOO 

1,200 
1,200 

1,550 
1,650 



TABLE 6-13 (EXTENDED) 

lIose 
Hose Intake 

Pump to Intake Orienta- Pump Elevation of !lose Above 
Method of Flow Water to Water tion to to Water Surface 

Station (a) 
Flow ( liters/ Surface Surface Flow(b) Table Before PumE After PumE 

Yea_r_ Determina t ion minute) (m) ---.i!!0_ (degrees) (m) Max. Min. ~ Min. 

1915 Intake 0.9 m3 over- 1110-600 11-5 8 90 1.5 5.0 3.0 7.0 11.5 
flow box 

D2 0.9 m3 over- 1110-600 3-5 2 90 7.5 8.0 5.0 7.5 5.0 
flow box 

1976 Intake Tableweir 250-1,1120 11-5 8 90 1.5 5.0 3·0 7.0 1j.5 
(winter) 02 Tableweir 315-1,300 3-5 2 90 1.5 8.0 5.0 1.5 5.0 

1916 Intake Tableweir 250-1,1120 11-5 8 90 1.5 5.0 3.0 1.0 11.5 
(summer) 02 Tableweir 3-5 2 90 1.5 8.0 5.0 1.5 5.0 

1971 Intake Flowmeter 500-1,200 2 11-1 90 3.0-3.5 0.5 0.5 5.5 3·5 
D1 Flowmeter 800-1,300 2-11 2 90 6.0 8.0 11.0 6.0 11.5 
02 Flowmeter 800-1,300 2-11 2 90 7.5 1.0 11.0 6.0 11.5 

1918 Intake Flowmeter 500-1,150 11-5 6-8 0 3.0 5.0 3·0 7.0 1t.5 
(regular) 01 Flowmeter 200-1,1100 2-11 2 0 1.5 8,.0 11.0 6.0 4.5 

D2 Flowmeter 800-1,025 2-11 2 90 1.5 1.0 4 .• 0 6.0 4.5 
DHfuser Tableweir 150-1100 11-6 0 0.5 0.5 1.0 1.0 

1918(c) Intake Tableweir 150-500 2 6-8 0 1.0 0.5 0.5 1.0 1.0 
(special) Dl Tableweir 60-1,000 2-11 2 0 1.5 1.0 11.0 6.0 4.5 

Diffuser Tableweir 150-1100 11-6 0 0.5 0.5 1.0 1.0 

1919(d) Intake Flowmeter 125-1,250 2 5 90 6.0 0.5 0.5 1.0 1.0 
( pump) 01 Flowmeter 100-950 2-11 2 90 30.0 8.0 11.0 6.0 11.5 

1979(e) Intake Flowmeter 150 5 0 0.0 0.0 0.0 0.0 
(no pump) Diffuser Flowmeter 625-800 4-6 0 0.0 0.0 0.0 0.0 

~1 = Unit 1 discharge; 02 = Unit 2 discharge; diffuser = Unit 1 diffuser. 
(b) Semi-rigid flex hose deployed perpendicular to current and swept in direction of current by force of water; 

in 1918, suction hoses were positioned facing current; in 1919, suction hoses to pumpless samplers were 
positioned faCing current. 

(c) Special anchOVy study. 
Cd) Standard one-screen pumped samplers. 
(e) Floating ichthyoplankton sampling headers - pumpless. 



TABLE 6-14 SAMPLING PROCEDURE SUMMARY FOR ICHTHYOPLANKTON VIABILITY COLLECTIONS 

Table No. of Q2 Flow Rate 
Sample Drain Sample Table (liter/minute) 

Duration Time Vol~me Weir No. of Table Collection 
Year Station(a) (min) (min) (m ) Drains Q1 Drains Sam~le Drain Box Drain 

1915 Intake 15 30 1.0-9.0 1 0 600 600 600 
D2 15 30 1.0-9.0 1 0 600 600 600 

1916(b) Intake 15 30 3.5-21.0 1 0/2 pair(c) 600116( c) 600/133(c) 600/38( c) 
D2 15 30 5.5-19.5 1 0/2 pair(c) 600116( c) 600/133( c) 600138( c) 

1911 Intake 15 30 1.5-18.0 1 pair 2 pair 16 133 38 
D1 15 30 12.0-19.5 1 pair 2 pair 16 133 38 
D2 15 30 12.0-19.5 pair 2 pair 16 133 38 

1918 Intake 15 30 1.8-15.4 2 pair 2 pair 16 133 38 
D1 15 30 4.1-21.5 2 pair 2 pair 76 133 38 
D2 1~ 30 11 ,5-15.0 ? n~;'" ? n ..... -t_ '7(:. ......... ~n 

_ ~ .......... .a. -. pQ..J..l. /V /.).) jO 

Diffuser 30 10 11 • 1 pair pair 0 50 50 

1978(d) Intake 10 10 3.2-5.6 1 pair 1 pair 0 50 50 
D1 10 10 0.6-11.8 n~;yt 1 pair 1"1 50 ... '" 

£"- ...... v ::>v 
Diffuser 10 10 2.6-4.8 pair pair 0 50 50 

1919(e) Intake 15 17 11.9-17.7 1 pair 1 pair 50-100 100-200 50 
D1 15 17 7.4-15.4 1 pair 1 pair 76 133 38 

1979(f) Intake 15 15 9.8-14.2 pair 1 pair 50-100 100-200 50 
Diffuser 15 13 6.9-13.5 1 pair 76 133 38 

(a) D1 = Unit 1 discharge; D2 = Unit 2 discharge. 
(b) Where two entries occur in 1976, the first indicates procedure for winter season and the second 

indicates procedure for summer season after modification of larval table collection area. 
( c) Modifications to table design for summer sampling incorporated decreases in Q2 drain rate and 

addition to Q1 drains. 
( d) Special anchovy study. 
(e) Standard one-screen pumped samplers. 
(f) Floating ichthyoplankton sampling headers - pumpless. 



Year 

1975 

1976 (b) 

1977 

1978 

1978 (c) 

1979(d) 

1979(e) 

Station(a) 

Intake 
D2 

Intake 
D2 

Intake 
D1 
D2 

Intake 
D1 
D2 
Diffuser 

Intake 
D1 
Diffuser 

Intake 
D1 

Intake 
Diffuser 

Method 
Collection Box 

Drain 

Into cooler 
Into cooler 

Cooler/siphon 
Cooler/siphon 

Siphon 
Siphon 
Siphon 

Siphon 
Siphon 
Siphon 
Siphon 

Siphon 
Siphon 
Siphon 

Siphon 
Siphon 

, Siphon 
Siphon 

TABLE 6-14 (EXTENDED) 

Wash 
Water 

Ambient 
Discharge 

Ambient 
Discharge 

Ambient 
Ambient 
Ambient 

Ambient 
Ambient 
Ambient 
Ambient 

Ambient 
Ambient 
Ambient 

Ambient 
Ambient 

Ambient 
Ambient 

Ambient 
Dilution 

System 

.; 

.; 

.; 

.; 

.; 

.; 

.; 

.; 

(a) D1 = Unit 1 discharge; D2 = Unit 2 discharge. 

Simultaneous 
Collection 

.; 

.; 

.; 

.; 

.; 

.; 

.; 

.; 

.; 

.; 

.; 

.; 

.; 

.; 

.; 

.; 

Codends 

Runoff 
Collection boxes 

Collection box 
Collection box 

Collection box 
Collection box 
Collection box 

Collection box 
Collection box 
Collection box 
Collection box 

Collection box 
Collection box 
Collection box 

Collection box 
Collection box 

Collection box 
Collection box 

(b) Where two entries occur in 1976, the first indicates procedure for winter season and the second 
indicates procedure for summer season after modification of larval table collection area. 

(c) Special anchovy study. 
Cd) Standard one-screen pumped sampler. 
(e) Floating ichthyoplankton sampling headers - pumpless. 
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Figure 6-27_ Design of larval table used to sample for entrainment 
viability studies at Bowline Point plant discharge. 
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Overflow weir 

Figure 6-28. Design of the floating larval table used to sample the intake at the Bowline Point plant. 



An ambient water injection system was used to l"educe the exposure of organ
isms to elevated discharge temperatures during collection (Figure 6-29). 
This system injects filtered ambient river watE!r into the larval table below 
the second false bottom at a rate of about 100 liters per minute, capable of' 
reducing the delta-T in the collection system by approximat5!ly 35-50 percent 
at the discharge stations. Limiting the thermal exposure during collection 
was necessary because normal through-plant transit times are about 5-8 minutes 
as compared to a maximum 30-minute exposure in the larval table (sampling 
time plus table draining time). Because the plant was offline for most of 
the season, discharge temperatures werE:! usually less than 30 Cj therefore, 
this dilution capability was generally not required to minimize thermal stress 
during collection. However, the dilution also functioned as a continuous wash 
system during the sampling and washdowl1 period. 

In contrast to the pumped larval table collecUon systems, the pumpless and 
rear-draw plankton sampling f'lumes utilized head-induced flow rather than 
pumps for sample delivery. This design was developed to reduce sampling 
stresses on more sensi ti ve ichthyoplanl<ton taxa and life stages by elimi
nating potential mechanical and pressu:re eff'ects associated with pump col
lection. The configuration of the inta.ke and discharge flumes (e.g., length 
and width dimensions, orientation of the water inlet, flow expansion panels, 
divergence screens, ambient injection .systems, and collection box) were the 
same (Figure 6-29) to minimize the pot,ential of differential gear effects on 
organism survival. 

The pumpless plankton sampling flume (;2.4 x 1.~~ x 0.6 m) was attached to the 
number 6 port on the Unit 1 discharge diffuser (Figure 6-30). The sampler 
was secured in a raft support structure so that the bottom of the flume was 
maintained at the river surface. Water' and organisms exiting the discharge 
port entered a lO-cm steel 90 0 -sweep elbow mounted near the center and flush 
wi th the mouth of the port. The samplre then passed through a length of flex
ible hose to the inlet of the collection flume. Dynamic head created by the 
water flow exiting the discharge port 'Nas sufficient to deliver water to the 
collection flume at a volume comparabl,::! to that at the rear-draw flume. Upon 
entering the collection flume, the temperature of the discharge.sample was 
reduced by an ambient injection system that supplied a fine spray of ambient 
ri ver water along the sides of the flo'N expansion panels, divergence screens, 
and collection box. 

Organisms and detritus filtered by the two vertical 505-~m mesh screens were 
di verted into the collection box. Wat·er passage through the sampler, as well 
as drainage and sample concentration,were achieved by gravity flow as the 
water level in the flume was above the river surface. Filtered water exited 
the collection system through a Q2 valV'e beneath the collection box and 
through Q1 outlets behind the vertical screens. Flexible hoses, attached to 
the Q1 outlets, could be raised or low1ered to increase or reduce water flow 
through the system. Volume of sampled water was measured with a Signet 
inline flowmeter attached to the flume inlet. Volume filtered during each 
sample ranged from 7 to 18m3• The ti:ne requi;~ed to drain the sampler ranged 
from 12 to 15 minutes. 

The rear-draw plankton sampling flume, which measured 2.4 x 1.2 x 0.5 m, was 
mounted on a raft in front of the Unit 13 intake structure adjacent to the 
pumped larval table. The design of the flume and collection box components 

6-58 



'" 15.2 cm 

Ambient injection 
system 

water inlet 

Vertical divergence 
screen (505J1m mesh) 

Drain to 
transportation 
container 

Figure 6·29. Design of the collection flume used in the pumpless and rear·draw samplers during 
the spring·summer entrainment survival study, Bowline Point plant, 1979. 
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Figure 6-30. Design of Unit 1 diffuser and attachment of sampling apparatus to sixth 
diffuser nozzle at the Bowline Point plant. 



of this sampler were. consistent with those of the pumpless plankton sampling 
flume, and sample delivery was similarly implemented by head-induced flow. 
However, because the water velocities at this station (less than 1.0 fps) 
were insufficient to supply an adequate sample flow to the collection device, 
a head differential was created by submersing the bottom of the flume about 
0.6 m below the river surface and pumping water out of the sampler from behind 
the angled 505-~m mesh diversion screens using a 10-cm (4-in.) Homelite pump. 
Water was also withdrawn through a Q2 valve beneath the collection box using 
a 1 hp Goulds pump, which recirculated water to the ambient wash system. 
Sample water entered the collection flume through a length of 10-cm (4-in.) 
diameter flexible hose attached to the flume inlet. The mouth of the hose, 
which faced into the intake flow, was suspended ata depth of 4.6 m. Volume 
sampled was measured with an inline Sparling "Masterflo" flowmeter attached 
to the Homelite pump, and ranged from 8 to 18 m3 per sample. 

Each sample collected with the pumpless or rear-draw plankton sampling flumes 
was taken by allowing water to flow through the gear for 15 minutes. Prior 
to sampling, the ambient wash systems were activated to fill the collection 
flumes with water, and the Homelite pump was started at the rear-draw sampler. 
Sampling was initiated simultaneously at the intake and discharge stations 
by removing the plugs from the flume inlets. The pumping rate at the intake 
station was adjusted to match the sampling flow at the discharge station. 
At the end of the sampling interval, plugs were placed in the flume inlets 
and the Homelite pump was turned off at the rear-draw sampler. To facilitate 
draining, the Q1 hoses on the pumpless (discharge) flume were lowered their 
full extent. The rear-draw (intake) flume was raised and the plugs were 
removed from the Ql outlets. The ambient injection systems remained on until 
the samplers were nearly drained to rinse the contact surfaces of the flow 
expansion panels, diversion screens, and collection boxes. Rinsing of the 
interior of the samplers was also supplemented with a gentle flow of filtered 
ambient river water from a garden hose. Once the samples were concentrated 
in the collection boxes, the Q2 valves were closed, and the Q2 pump at the 
rear-draw sampler was turned off. O~ganisms and detritus were then drained 
through 3-cm tubes at the bottom of the collection boxes into detachable 
transportation containers, and the samples were transferred to the onsite 
laboratory for sorting. Drain time averaged approximately 15 minutes per 
sample. The flumes and collection boxes were thoroughly rinsed between sam
ples with a high pressure spray wash to p~event contamination of subsequent 
samples from detritus and/or organisms adhering to the surface of the sampler. 

Measurements of water temperature, conductivity, dissolved oxygen, and pH 
were taken during each sampling effort associated with either the late winter 
or spring-summer entrainment survival studies. Water temperature was recorded 
at each station during sample collection. Conducti vity, dissolved oxygen, 
and pH were measured at one of the intake stations during the first, middle, 
and last collections on each sampling night using the following equipment or 
procedures: 

Parameter 

Conductivity (~ho/cm) 
Dissolved oxygen (ppm) 
pH 

Primary Meter 

Martek (MK V) 
Martek (MKV) 
Martek (MK V) 
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Alternate 

YSI, SCT(Model 33) 
Winkler titration 
pH paper (Micro 

Essential Laboratory) 



6.3.2.1.3 Sample Processing 

During the course of the studies (1975 t.hrough '1979), modifications were 
instituted in the sample processing proeedure to reduce handling and holding 
stress and improve survival; these changes are summarized in Table 6-15. In 
1979, intake and discharge standpipe and diffusE~r samples were sorted simul ta
neously in an onsi te laboratory. The gleneral seheme for processing ichthyo
plankton survival samples is shown in Figure 6 -31 ). Larval and juvenile fish 
were classified as live, stunned, or dead, based on the following criteria: 

Live: 
Stunned: 

Dead: 

swimming vigorously, no orientation problems 
swimming abnormally or stpuggling i: no movement except in 
response to gentle probing. 
no vital life signs; no body or opercular movement, no response 
to gentle probing. 

Live and stunned fish were carefully transferred to separate holding con
tainers (1-quart jars) with a ladle. A maximum of five larvae were placed in 
each container, which was aerated and mcLintained in an ambient water trough. 
Care was exercised to separate the large!r larvae and juveniles from the very 
small larvae to reduce the possibility Clf cannibalism. Holding jars were 
aerated and maintained in an ambient water bath for 96 hours after collection. 
Dead specimens were placed in vials and preserved for later identification.* 
The sort time averaged 30 minutes (15 tCi 60 minutes) and depended on the amount 
of detritus and the number and age of tr.:e organisms. 

Live and stunned organisms were reexamined at 3, 6, 12, 24, 48, 72, and 96 
hours after sample collection, and any dead were removed from the holding jars 
and preserved. After 96 hours, all organisms remaining alive were preserved. 
On one sample day per week during 1979, all organisms which were alive (live 
and stunned) at 96 hours were transferred to long-term holding containers 
(1-gallon jars). The day on which the most organisms were collected each 
week was selected for long term latent effects studies to assure an adequate 
sample size. Organisms held beyond 96 hours wer,e fed at 24-hour intervals. 
Latent effects observations on these samples wer,e continued to determine if 
any considerable change in the survival rate was manifested during a pro
tracted period of time. Latent effects observations were made daily. After 
14 days all remaining larvae were preserved. 

Identification was made to species and life stage based on the available 
literature (Table 6-2) and on a referenc'e collection. All species were mea-

·sured; if 50 percent or more of an organism was present, it was included in 
the analysis. Because of the difficulty in differentiating alewife and blue
back herring during the early life stage,s, these two species were classified 
as clupeids; any other members of the family Clupeidae were speciated. All 
live and dead organisms in samples terminated at 96 hours were measured to 
the nearest millimeter. Fish held beyond 96 hours for long term latent 
effects were not measured because rapid growth during these early life 
stages would result in lengths which werE~ not indicative of size at the time 
of entrainment. 

*All sorted ichthyoplankton were preser'led in 5 percent buffered formalin; 
residual detritus and invertebrates wel'e preserved in 10 percent buffered 
formalin. 
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TABLE 6-15 SAMPLE PROCESSING SUMMARY FOR ICHTHYOPLANKTON VIABILITY COLLECTIONS AT THE 
BOWLINE POINT PLANT, 1975 THROUGH 1979 

Larvae 
Life Stages(b) 

Number 
Simultaneous Checking(a) Holding Aeration Transfer of Larvae 

Year Sorting Containers Sorting Procedure Container Used Device Processed Pel' Jar ---_w _______ 

lq75 Cooler + Quart jar + Pyrex dish Single check Quart jar I Glass baster Egg, YSL, PYSL, >5 
Juv 

1976 (winter) Cooler + quart jar .~ Pyrex dish I Single check Quart jar .; Glass baster YSL, PYSL, Juv >5 

1976 (summer) Sample container .; Single check Quart jar .; Glass baster YSL, PYSL, Juv 5 

1977 Sample container .; Single check Quart jar .; Glass baster YSL, PYSL, Juv 5 

1978 Sample contaIner .; Double check Quart jar .; Glass baster YSL, PYSL, Juv 5 

1979 Sample container I Double check Quart jar .; Dipper YSL, PYSL, Juv 5 

(a) Checking procedure--single check was when one other person would check sample in same containerj double check was when sample was concentrated 
after single check and sorted and checked again in a separate dish. 

(b) Egg = Eggsj YSL = Yolk-sac larvae; PYSL = Post yolk-sac larvae; Juv = Juveniles. 
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Figure 6-31. Work-flow chart for ichthyoplankton survival sample processing at 
the Bowline Point plant during 1975 through 1979. 
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6.3.2.1.4 Quality Control/Quality Assurance 

Periodic inspections of the field sampling program were conducted by Ecologi
cal Analysts Documentation Control Office to ensure strict adherence to stan
dard operating procedures. 

Laboratory quality assurance procedures consisted of color-coded labels for 
jars and vials, records of the number of live and dead at each check time, 
and a double check of the sorted sample prior to preservation. Sorting 
efficiency and species/life stage identification accuracy and consistency were 
determined and documented. Organisms found in the sample or codend detritus 
were used to evaluate collection efficiency but were not entered in viability 
calculations. Acceptance sampling with rectification based on the Poisson 
distribution was used to assure the quality level of organism identification. 
This procedure required rework of a maximum of 20 randomly selected organisms 
from each identifier's effort in a given week for each species and life stage 
(white perch, striped bass, Atlantic tomcod, clupeids, and anchovy). The pro
cedure provided an average outgoing quality level (AOQL) of no more than 10 
percent error. 

6.3.2.2 Field Procedures Used to Assess Entrainment Survival of 
Hatchery-Reared Striped Bass (Direct Release) 

6.3.2.2.1 Sampling Schedule 

In conjunction with the program to evaluate entrainment survival of Hudson 
River ichthyoplankton, studies were conducted during 1979 to determine the 
effects of the entrainment process under controlled conditions that would 
yield greater numbers of organisms per sample. Large groups of hatchery
reared striped bass eggs or larvae (approximately 40,000 to 75,000 indivi
duals) were released directly into the flow of cooling water at the Bowline 
Point plant intake. The released organisms were subsequently collected in 
transit at the discharge standpipe and diffuser sampling stations. 

Direct releases were conducted on 14 days from 21 May through 25 June with 
one release per sampling date. The total sampling effort is summarized 
below: 

Site of Number Total Estimated 
Release Organisms Release of Releases Number Released 

Eggs* Unit 1 3 225,000 

Yolk-sac larvae* Unit 3 216,438 

Post yolk-sac larvae * Unit 7 339,673 

Post yolk-sac larvae Unit 2 2 105,661 

* On 24 May 1979, the release included 75,000 eggs and 75,000 yolk-sac larvae. 
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6.3.2.2.2 Test Organisms 

Fish used for releases were obtained fr'om the Con Edison hatchery in Verplanck, 
New York on the day of the release to minimize handling stresses and to opti
mize survival. The hatchery organisms were transported in insulated containers 
to the release site and gently transferred to the flow-through holding/release 
tank. 

This tank was set on a small dock near the intake structure. Hudson River 
water was aerated and circulated through the 242-liter (64-gallon) tank. The 
striped bass were allowed to acclimate to the holding device for 2 hours, 
prior to estimating the population size. 

The population of striped bass used for a single release was too large to per
mit actual enumeration of individuals; therefore, an aliquot system was used 
to estimate the total number of organisms in each release group. Ten to twelve 
800-ml aliquots were syphoned from the tank, while the contents were gently 
stirred to reduce the heterogeneous distribution of the test organisms in the 
container. Live and dead striped bass in each aliquot were counted immediately; 
the population estimate was calculated from these numbers (Section 6.3.2.3.3). 

6.3.2.2.3 Testing Procedures 

Test organisms were released following the aliquot counts. The holding/ 
release tank was towed to the intake bar racks. A 10-ft section of PVC pipe 
connected to the tank drain was placed through the bar racks (Figure 6-32). 
The removal of the drain standpipe in the holding/release tank initiated the 
release. The tank took 2-4 minutes to drain and permitted release of the 
organisms between the bar racks and the traveling screens 0.33 m below the 
surface of the water. Sampling at the discharge pumped-abundance sampler 
began simultaneously with the release to determine the ra~e and duration of 
larval transit. The nets of the pumped sampler (Figure 6-33) were switched 
every 2 minutes and washed down to collect a minimum of eight individual sam
ples. Fifteen-minute survival samples were initiated at the discharge and 
diffuser simultaneously with the release of organisms at the intake. The 
collection gear (pumped larval table and pumpless sampling flume) and proce-
dures for discharge standpipe and diffuser sampling were identical to those 
described for wild ichthyoplankton (Section 6.3.2.1.2). 

Survival at the intake was compared to the standpipe and diffuser survival 
to evaluate the effects of handling, collection, and holding stress. Intake 
control samples, as well as holding and gear calibration samples, were col
lected prior to each release. A portion of the striped bass were used as 
the control test organisms (Table 6-16). 

Intake survival (control) was determined by replicate releases of 25 organ
isms in each intake sampling apparatus on each sample date. The control 
organisms were introduced into the inlet hose of the pumped larval table and 
the rear-drawm sampling flume (Figure 6-34). Fifteen-minute samples were 
then run in the same manner as described for wild ichthyoplankton. With the 
exception of differences in the release procedures, organisms at the intake 
were subjected to the same collection, handling, and holding stresses as 
those collected at the standpipe and diffuser. To monitor the effects of 
holding stress and the condition of each release population, replicate 

6-66 



--.,. 

'" \ 
\ 

I 
I 
I I 
I I 

I----------r -------J 
I I 

I I : '6 
I I l 8: 

~ I, ~ I I ~ J5 a! Iz 
~ I~ 3m .j I ~ 
~ \' ~ I I] 
~ ~ I I ~ 

I I I ~ 
\ \ I.~ 
1 1m diam. tank, I ~ I 0.66 m deep I W 

I I I 
I 

0.33 m~==========? 

Figure 6-32. Location of release apparatus at intake for direct release studies. 
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TABLE 6-16 SUMMARY OF CONTROL SAMPLING CONDUCTED DURING THE DIRECT RELEASE STUDIES 
AT THE BOWLINE POINT PLANT, 1979 

Control Type Stations Sampled 

Intake control 

Holding control 

Gear calibration 

Intake w/pump 

Intake w/o pump 

Onsite laboratory 

Intake w/pump 
Intake w/o pump 
Discharge 
Diffuser 

No. Organisms 
Method Per Samele 

Organisms injected directly into 25 
mouth of the intake line of 
the sampling gear via a length 25 
of tubing (Figures 6.3.2-5). 

Organisms transferred from the 25 
release/holding tank directly 
to the onsite laboratory and 
placed in a sample transport 
container for processing. 

Organisms injected into flow of 25 
water at the intake end of 25 
each sampling gear. 25 

25 

No. Samples 
Per Release 

2 

2 

2 

1 
1 
1 
1 



\ 

= '" oS -

\ 

c 
o 
Cl 
> 
l-
E 
M 



samples of 25 live fish were placed in the 1-liter holding jars (5 fish 
per jar) and held for 96 hours in the same manner as intake and discharge 
samples (Section 6.3.2.1.2). A third group of controls was conducted 
to evaluate the effect on survival of differences in configuration between 
the pumped larval table and the plankton sampling flume. 

To quantify the number and condition of in situ (background) ichthyoplankton 
in sample, 15-minute collections were made before (presample) and after 
(postsample) each release at the discharge standpipe and diffuser. The aver
age of the pre- and post-samples was used to adjust the number collected 
during the release for comparison with the calculated expected number. 

The collection gear, methodology, and sample processing for all collections 
were the same as those employed for the standard entrainment viability stud
ies. However, the processing of striped bass eggs required the special clas
sification of live and dead eggs, based upon the following criteria: 

Live: translucent, chorion complete, not cloudy in any internal portion. 

Dead: Opaque, chorion ruptured, or cloudy in any internal -portion. 

Dead and hatched specimens were placed in vials and preserved at the initial 
sort and at each latent effects observation. 

6.3.2.3 Analytical Procedures 

6.3.2.3.1 Survival Proportions 

The proportion of eggs that survived was determined on the basis of hatching 
success within 96 hours after collection, as shown in the equation below: 

= No. of eggs which hatched (96 hours) 
Total no. of eggs collected 

where 

PI = proportion surviving at the intake station 
PD = proportion surviving at the discharge station 

This method, which takes into account both initial and latent effects, was 
used because of the difficulty of visually determining live versus dead con
dition for the egg stage. The standard error of the survival proportion was 
calculated as: 

Standard error = (1-P) 
n 

where 

P = proportion of eggs surviving 
n = total number of eggs collected 
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Initial survival proportions for larval and juvenile life stages collected 
at intake and discharge stations were l~alculatE~d as the ratio of fish found 
ali ve or stunned immediately following collection to the total number of fish 
collected, as shown in the following equation: 

= No. of alive and stunned fish 
Total no. of fish colliec ted 

Stunned fish were grouped with live fish in thE! analysis to avoid potential 
bias associated with the subjective stunned categorization. 

Extended survival of larval and juvenile life stages collected at intake and 
discharge stations was compared to detE~rmine if mortality caused by potential 
latent effects from entrainment was manifested beyond the initial survival 
observation. For these comparisons, survival at each extended survival 
observation was calculated as a proportion of the initial number of live and 
stunned fish (Le., normalized survivaI) as follows: 

PI' or PD. = No. of fish alive ()r stunne:d at time i 
1. 1. Total no. of fish initially alive or stunned 

where 

PI· = normalized 
1 intake 

survi val proportion at time i for fish collected at the 

PD· = normalized 
1 discharge. 

survival proportion at time i for fish collected at the 

Sources of variation in entrainment survival data were evaluated by means 
of log-linear likelihood ratio estimates using multidimensional contingency 
ta bles (Sokal and Rohlf 1969; Dixon and Brown 1977; and Brown 1976). This 
procedure tests for independence of effects and has been used primarily to 
assess the effect of length, year, circulating pump operating mode, discharge 
temperature and delayed mortality on the overall survival of entrained organ
isms. Where significant interactions are observed the G statistic can be 
partitioned to evaluate the interactions of specific 'components of an effect 
(e.g., specific circulator pump operating modes if a pump effect is demon
strated for survival). 

Initial survival proportions for ichthyoplankton collected at the intake sta
tions were pooled by life stage and species for all collections. To evaluate 
mechanical and thermal effects, the survival proportions were calculated for 
specific discharge temperature categories. Temperature categories for 
striped bass, white perch, herrings (clupeids), and bay anchovy were: 
(1) <30.0 C, (2) from 30.0 to 32.9 C, and (3) >33.0 C. Atlantic tomcod were 
only collected at discharge temperatures less than 18 C, below the lethal 
threshold for the species. 

Survival proportions for studies conducted with hatchery-reared larvae were 
adjusted to account for the number of dlead larvae collected that were dead at 
the time of release (NDR). The proportion dead (DR) determined in the popula
tion estimates was used to make this adjustment. 
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where 

Nt = total number collected 
ND = total number dead at discharge (diffuser) 

NTA = adjusted total number 
NDA = adjusted number dead. 

The adjusted number dead and total were then used to calculate the survival 
proportions as described above. 

6.3.2.3.2 Entrainment Survival Estimates 

Entrainment survival estimates for eggs were determined by comparing propor
tions that hatched within 96 hours for intake and discharge samples. All 
eggs which did not hatch by 96 hours were dead. For larval and juvenile life 
stages, entrainment survival estimates were based on the initial and 24-hour 
survival proportions for the intake and discharge stations. Survival at the 
discharge stations is the product of the conditional probabilities of surviv
ing entrainment and sampling. Assuming there is no interaction between the 
two stresses: 

where 

Pn = probability of surviving at the discharge 
Ps = probability of surviving sampling 
Pe = probability of surviving entrainment. 

The intake survival proportion (PI) was used as an estimate of Ps ' and 
entrainment survival (Se) was estimated using the equation: 

= PD x 100 
PI 

The value of Se thus represents the percentage of organisms that survive pas
sage through the plant cooling water system. Entrainment survival estimates 
for a particular species and life stage were calculated when the number of 
organisms collected per station or temperature category was 10 or greater. 
The standard error of the entrainment survival estimate was calculated with 
the equation (Fleiss 1973, p. 60): 

Standard error 2 
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where 

N = number collected at the discharge CD) or' intake (I). 

6.3.2.3.3 Population Estimates for Release of Hatchery-Reared Striped 
Bass 

The total number of striped bass releasE~d was estimated by converting the num
ber of larvae in each aliquot to an est:Lmate of the total population based on 
the ratio of the aliquot volume to the total tank volume. 

where 

Tp = total population 
TA = total number of individuals in an aliquot 
VA = volume of aliquot 
Vt = volume of tank. 

The number of organisms released was then estimated by the mean of the 10 pop
ulation estimates ± the standard deviation. Despite every effort to obtain 
homogeneity in the holding tank, fish tended to school and sample population 
estimates exhibited a high degree of variation around the mean. 

Assuming homogeneous mixing of released organisms in the condenser cooling 
system (probably a valid assumption due to the velocity encountered), the 
predicted recovery at the discharge and diffuser sampling stations can be 
calculated as follows: 

where 

N~r 
r 

Vs 
Vc 

= 
= 
= 
= 

predicted number of released ot'ganisms recaptured 
number of organisms released 
volume of water sampled 
volume of water circulated through the plant for the duration of 
the sample. 

The total number of larvae collected at the discharge and diffuser was 
adjusted to account for wild larvae. The averagE! number of striped bass 
collected in the pre- and post-samples WClS subtra.cted from the total number 
of striped bass collected. 
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6.3.3 Results of 1979 Studies 

6.3.3.1 Wild Populations of Ichthyoplankton 

6.3.3.1.1 Description of the Entrained Population 

The most abundant taxa during survival studies (Table 6-17) at the Bowline 
Point plant were the same and generally occurred during the same time period 
as observed during the 1979 abundant studies (Section 6.2.3). Post YOlk-sac 
larvae was the predominant life stage collected for striped bass, white perch, 
bay anchovy, and clupeids. 

The lengths of the most abundant taxa collected ranged from 3 to 25 mm with 
the majority less than 12 mm (Appendix J). When more than 10 organisms were 
collected at each station, the weekly mean lengths typically differed by less 
than 2 rom between the intake and discharge or diffuser. This consistency 
between stations indicates that similar populations were sampled at the 
intake and discharge. 

The peak abundance of striped bass and white perch larvae occurred during 
mid-June when temperatures were between 20 and 23 C. Few large Morone (late 
post yolk-sac or juvenile) were collected, with the majority of striped bass 
between 6 and 12 mm. The range of lengths for striped bass was similar to 
that observed during previous sampling efforts (EA 1976, 1977b, 1978d, 1979a). 
White perch were smaller than striped bass with most larvae between 3 and 
6 mm, as observed in 1978. 

Clupeids were collected from late May to mid-June with the peak in early 
June. Lengths ranged from 4 to 25 mm, but the majority were less than 9 mm. 
Bay anchovy were most abundant during the second half of June; however, sam
pling ended before the mid-July peak observed during abundance studies. The 
majority of bay anchovy were between 3 and 9 rom and were collected between 
10 and 24 C and at conductivities in excess of 1,100 ~hos/cm. 

6.3.3.1.2 Initial Survival 

Ichthyoplankton survival of sampling and handling stresses monitored at the 
intake with two gear types (pumped larval table and rear-draw sampling flume) 
varied by species and life stage (Table 6-18). Although abundance was low 
for some taxa and differences were typically not significant, organisms pre
viously (1975-1978) found to be most sensitive to collection and handling 
(e.g., striped bass eggs, Morone yolk-sac, and bay anchovy) generally exhib
ited higher survival in the flume than the pumped table. Initial survival 
of yolk-sac striped bass was higher in the flume (1.00) than in the pumped 
table (0.83). White perch yolk-sac survival followed a similar pattern, 
although abundance and survival (0.11 and 0 at the flume and pumped table, 
respectively) were lower than striped bass. While this pattern was reversed 
for post yolk-sac larvae (Table 6-18), multiway contingency analysis demon
strated no significant relationship between initial survival and the collec
tion gear used (Appendix Table N-1). Clupeids collected in the flume 
exhibited higher survival (0.61) than in the pumped table (0.53) in 1979 and 
1975 through 1977 (0.35-0.54). During the regular sampling season, bay 
anchovy survival was 0.04 and 0.14 in the pumped table and flume, respectively. 
Additional studies during the period of peak anchovy abundance (23 July -
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TABLE 6-17 TOTAL NUMBER OF EACH TAXON AND LIFE STAGE COLLECTED FOR SURVIVAL DETERMINATIONS 
AT THE BOWLINE POINT PLANT, UNIT 1, 1979 

Pumped Larval Table Plankton Sampling Flume 
Intake Discharge intake 15rrruser 

Taxon TSL PYSL JUV YSL PYSL JUV YSL PYSL JUV YSL PYSL -
White perch 7 136 0 13 112 0 9 69 0 19 79 

Bay anchovy 1 144 0 0 51 0 0 37 0 0 38 

Striped bass 6 31 0 19 104 1 7 46 1 11 51 

Clupeids(a) 0 44 0 0 52 0 0 17 0 0 39 

Silverside 0 0 3 15 0 0 2 0 5 

Minnows and carp 0 0 0 2 7 0 6 4 0 0 2 

Rainbow smelt 0 2 0 0 3 0 0 0 0 0 2 

Sunfish 0 1 O· 2 2 0 0 0 0 2 

American shad 0 0 0 0 0 0 1 0 0 

Tessellated darter 0 0 0 0 0 0 0 0 0 0 0 

Killifish 0 0 0 0 1 0 0 0 0 0 0 

{aj Includes Alosa spp. and Clupeids, which could not be identified to a primary taxonomic level. 
Note: PYSL = post yolk-sac larvae; YSL = yolk-sac larvae; JUV = juveniles. 

JUV 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 



TABLE 6-18 (CONT.) 

Yolk-Sac Larv.'!e Post Yolk-Sac !-~...!:!!!e ________ Juveniles 

No. of Proport1on 1\1.ive(a) NQ. of Proportlon Allve No. of Proportion Alive 

--- .. -~.-]~~!.!Q~---- _§..t_atiop_ _ Fish 
----Initial 2li:'Bo.!,!_r_ _ 96=[i>UI' _ ~- =:rnitJ.&_ 24-JiOur-_ i;H;-1l0UI' n"h Initial 211-110111: 9G-llour 

CYPl'inldac l,P 0 0 0 

I,R 6 0 0 0 q O.~OO !: 0.250 0.500 ± 0.250 0.500 ± 0.250 0 

D,P 2 0 0 0 7 0.571 ± 0.'87 0.57' ± 0.187 OSP ± 0.187 0 

D,D 0 2 '.000 '.000 0.500 ± 0.35'1 0 

Rainbow smell l,P 0 2 1.000 0.500 :t 0.35" 0.500 ± 0.35Q 0 

l1R 0 0 0 

!lIP 0 3 0.667 !: 0.272 0 0 0 

DID 0 2 0.500 ± 0.3511 0 0 0 

Sunfish I,P 0 0 0 0 0 

11R 0 0 0 0 0 

DIP 2 0.500 ± 0.354 0.500 ± 0.35Q 0 2 0 0 0 0 

/), 0 0 2 1.000 1.000 0 0 

Amcrlc,H1 shad I,P 0 
, 0 0 0 0 

l,n 0 1 1.000 0 0 0 

[l1 P 0 0 0 

D1[1 0 1 0 0 0 0 

1'e~l:;n 1) il te,1 dar·ter lIP 0 0 0 

1," 0 0 0 

D,P 0 0 0 

D,D 0 0 a 1.000 1.000 1.000 

Kill j nsh l,P 0 0 0 

l,R 0 a 0 

D,P 0 1 1.000 '.000 1.000 0 

D,D 0 0 0 



TABLE 6-18 INITIAL, 24-HOUR, AND 96-HOUR SURVIVAL OF EACH TAXON AND LIFE STAGE COLLECTED 
AT THE BOWLINE POINT PLANT, 1979 

Yolk-Sac Larvae Post Yolk-Sac I.arvae Juveniles 

Statlon(b) 
No. of Proportion Alive(a) No. of Proportion Alive No. of PropOl·t1on Alive 

Taxon Fish InIEIa! 2ij-lIour ~/i-Ilour Fish inltiaI ~~-lJour 9/i-llour ~'ish ~ 211-liour ~ -----
Stl'iped bass lIP 6 0.833 t 0.152(c) 0.833 ± 0.152 0·333 ± 0.192 31 0.110 ± 0.062 0.613 t 0.061 0.4811 ± 0.090 0 

11R 1 1.000 0.857 :t 0.13? 0.714 ± 0.111 46 0.630 ± 0.011 0.500 1 0.014 0.435 ± 0.013 1 1.000 1.000 1.000 
DIP 19 0.632 1 0.111 0.526 ± 0.115 0.211 ± 0.094 104 0. 1113 ± 0.0

'
18 0.250 t 0.042 0.202 ± 0.039 1 1.000 1.000 1.000 

DID 11 0.636 1 0.145 0.364 1 0.145 0.18210.116 51 0.353 ± 0.067 0.112 t 0.0115 0.018 ± 0.038 0 

White perch lIP 7 0 0 0 136 0.632 t 0.041 0.390 t 0.0112 0.206 ± 0.035 0 
11R 9 0.11110.105 0.111 t 0.105 0 69 0.391 1 0.059 0.275 t 0.0511 0.159 ± 0.044 0 
DIP 13 0.077 ± 0.074 0 0 112 0.259 ± 0.0

'
11 0.116 ± 0.030 0.054 ± 0.021 0 

DID 19 O. 368 ± O. 111 0.053 :t 0.051 0 79 0.35
'
1 ± 0.0511 0.127 ± 0.037 0.076 ± 0.030 0 

~~ spp. lIP 0 3 0.667 ± 0.272 0.661 t 0.212 0.333 t 0.212 0 
I1R 0 1 0 0 0 0 
DIP 0 8 0.125 t 0.111 0.125 ± 0.117 0 0 
DIu 1 0 0 0 1 0 0 0 0 

Bay anchovy lIP 1 0 0 0 144 0.035 ± 0.015 0 0 0 
IIR 0 31 0.135 ± 0.056 0 0 0 
DIP 0 51 0.039 ± 0.027 0 0 0 
DID 0 38 0 0 0 0 
11 R(e) (l 92 0.261 :t 0.0116 0.109 1 0.032 0.0511 ± 0.02 11 0 

Clupeids(d) lIP 0 45 0.533 ± 0.074 0.022 1 0.022 0.022 1 0.022 0 
11R 0 18 0.611 ± 0.155 0 0 0 
DIP 0 52 0.306 ± 0.0611 0 0 0 
DID 0 40 0.300 1 0.072 0.025 1 0.025 0.025 1 0.025 0 

3iivcrside lIP 0 1 0 0 0 0 
11R 0 2 0.500 1 0.3511 0 0 0 
DIP 3 0.333 ± 0.272 0 0 15 0.133 t 0.088 0 0 0 
DID 0 0 0 5 0.200 ± 0.179 0 0 0 

(i,j -Propor·tion a Ii ve = (numbel' 11 ve + number stunned )/total number of organisms collected. 
(b) II P pumped larval table (i ntake) 

11N rear draw plankton sampling flume 
PIP pumped lapval table (discharge) 
DID pumpless plankton sampling flume (diffuser). 

(e) ±1 standard e.'ror. 
(d) Includes Alosa spp .• Alosa sapidlssima and Clupeidae. 
(e) Special !3tudy conducted in Bowline Pond near intake structure between 23 July and 13 August. 



13 August) increased survival of anchovy collected with the flume to 0.23, 
a significant (~ = 0.05) increase from that observed with the pumped larval 
table between 1975 and 1979. 

The most abundant taxa generally exhibited a reduction in initial survival 
at the discharge (Table 6-18). Differences between intake and discharge 
survival were significant (~ = 0.05) for white perch and striped bass post 
yolk-sac larvae (Table N-1). The significant interaction among gear, sta
tion and survival for white perch results from the much larger decrease in 
survival between the intake and standpipe than observed between the intake 
and diffuser. Survival of white perch yolk-sac larvae was higher at the 
standpipe and diffuser than at the respective intake stations; however, 
intake abundance was low and experimental variability may account for this 
discrepancy. It also is worth noting that the 0.368 survival proportion at 
the diffuser represents the first time that yolk-sac white perch have been 
collected alive during the 5-year study at the Bowline Point plant. 

It is likely that estimates of initial survival for striped bass and possibly 
white perch are underestimated as a result of the loss of or inability to 
identify organisms during the long-term latent effects studies which were 
classified at alive through 96 hours: 

Station 

Intake (pumped) 
Intake (pumpless) 
Discharge (standpipe) 
Discharge (diffuser) 

Nos. Organisms Not 
Positively Identified 

21 
2 

12 
o 

The effect of these unidentified organisms on initial survival estimates 
would be greatest for striped bass at the pumped intake table and the dis
charge standpipe, where the number of identified fish was lowest. 

6.3.3.1.3 Evaluation of Entrainment Latent Effects on Survival 

Organisms which initially survive entrainment may subsequently die as a 
result of the stress of entrainment, collection, or handling. Comparison of 
the survival curves and mortality rates at the in.take (sampling stress) and 
discharge (sampling and entrainment stress) provides information on the dura
tion and magnitude of the latent effects of entrainment. During 1979, survi
val decreased sharply in the first 24 hours following collection for striped 
bass and white perch post yolk-sac larvae at the intake and the discharge 
standpipe and diffuser (Figure 6-35, Appendix Tables K-1 to K-3). Multiway 
contingency analyses indicate that differences between intake and discharge 
normalized survival values at 24 hours were significant (Table N-2). The 
survival curves (Figure 6-35) level out after 24 hours,and contingency analy
sis (Table N-3) of the survival rates between each time interval support the 
observation that survival rates between 24 and 96 hours are not significantly 
different (~ = 0.05) between intake and discharge stations. While the mortal
ity rates for white perch increase after 48 hours (test for time x survival 
independence was significant at ~ = 0.05),the rates were independent of sta
tion (intake vs. discharge). It can therefore be concluded that differences 
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in mortality rates during the first 24 hours following entrainment may result 
in significantly lower survival at the discharge than at the intake. 

Mortality observed from 24 to 96 hours is most likely the result of holding 
stresses and the natural mortality rate for the population. Estimates of the 
instantaneous daily rate of mortality for Hudson River striped bass in length 
groups similar to entrained fish (6-15 mm) have ranged from 0.14 to 0.31 
(TI 1980a). Although fish held for entrainment studies are not subject to 
predation, many other sources of mortality are similar to those of river 
populations and the daily mortality rates of entrained fish are comparable 
to river estimates: 

Observation 
Interval 

3-24 hours 
24-96 hours 

Intake 

0.03-0.11 
0.03-0.17 

Discharge 

0.12-0.27 
0.07 -0.17 

Mortality in samples held for 14 days (Appendix Table K-4) remained at a 
low rate, which was similar to that observed between 24 and 96 hours. There 
was no evidence of .increased mortality related to sublethal entrainment stress 
beyond the normal 96-hour observation period. 

Since the mortality rates remain constant after 24 hours, it appears that 
any latent entrainment effects that may occur are fully manifest during 
the first 24 hours following entrainment. Therefore, analyses using non
normalized (based on the total number collected initially) 24-hour survival 
will account for both immediate and latent entrainment effects. All subse
quent analyses of factors influencing entrainment survival will be presented 
in terms of initial and 24-hour survival. 

The two collection systems used during 1979 produced similar survival curves 
and no apparent differences in latent survival (Figure 6-35). Survival was 
slightly higher with the pumped larval table during the first 24 hours, but 
the pattern was reversed by 96 hours for both striped bass and white perch 
post yolk-sac larvae. Survival at 24 hours with the two intake collection 
systems was independent of the gear (Table N-2). Although the two gear have 
unique benefits for sampling under different field situations, the survival 
data generated by the two gear appear to be comparable. 

Few live individuals from other taxa or life stages were collected during 
1979 (Table K-1), and extended survival curves are variable as a result 
of low sample size and its effect on observed mortality rates. Survival 
through 24 hours for Clupeids was 0.04 and 0.08 at the intake and diffuser, 
but no further mortality occurred through 96 hours. Yolk-sac striped bass 
survival was relatively high at 24 hours (1.00-0.57) and declined to a 
range of from 0.29 to 0.71 at 96 hours. 

6.3.3.1.4 Incidence of Damage to Ichthyoplankton Collected at the 
Intake, Discharge, and Diffuser 

For the purposes of this section, ichthyoplankton are classified into one 
of three taxonomic levels: primary, secondary, or unidentifiable because 
of damage. The primary taxonomic level was the lowest grouping to which 
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the ichthyoplankton were routinely identified. Those specimens not reliably 
identifiable to the primary level because of damage incurred prior to or 
during entrainment, collection, or handling wel'e identified by recognizable 
identification characteristics to a se,~ondary level. For example, both 
striped bass and white perch are of the genus Morone. If an ichthyoplankter 
from this genus was damaged such that it could- not be identified as either 
species, it was classified as Morone spp., the secondary level of identifi
cation. The "unidentifiable" level wa:3 composE~d of ichthyoplankton damaged 
to the extent that they could not be identified to any primary or secondary 
level. Also, any ichthyoplankton in good condition and not identifiable by 
laboratory personnel using available 1:Lterature and reference collections 
was classified as "unknown." 

For assessment of through-plant damage!, all ichthyoplankton ini tially alive 
were assumed to be identifiable to the primary level (i.e., having sustained 
no major morphological damage such that identification would not be possible). 
This was done because in some instance8 organisms initially alive were actually 
classified to the secondary or unidentlfiable taxonomic level because important 
morphological characteristics had been obscured by deterioration during the 
96-hour holding period. 

Comparison of damage levels at the inta.ke and discharge provides no evidence 
of elevated levels of damage induced by the plant following entrainment of 
ichthyoplankton. The incidence of dama.ge was not significantly different 
(a = 0.05) between the intake stations and the associated discharge stations 
(Table 6-19). 

Greater than 93 percent of all collected ichthyoplankton were identifiable to 
a primary level at each of the four sta.tions. Damage levels with the pump 
larval tables were l~wer than in 1978 and slightly higher than in 1977 (Tables 
6-20 and 6-21). 

The two types of collection gear (pumped larval tables and plankton sampling 
flumes) result in significantly different levels of damage. The rear-draw 
intake sampling flume permitted identification of 98 percent of the organisms 
to the primary level, while 93.8 percent were identifiable to the same level 
from the pumped table. The higher level of damage in the pumped system may 
be related to the use of the pump inline to collect organisms or the proximity 
of the filtration screens to the inlet of the sampling gear (Figures 6-27 and 
6-28) • 

6.3.3.1.5 Mechanical and Thermal Effects of Entrainment 

In the absence of biocides, the two major SOUrCt3S of entrainment mortality 
are mechanical and thermal stress. The effects of thermal exposure on the 
most abundant entrained ichthyoplankton have beE'm estimated in controlled 
laboratory studies (EA 1978b, 1979b). These independent estimates of thermal 
mortality can be combined with field estimates of mechanical effects to pro
vide an overall estimate of entrainment mortality factors (fc) for historic 
or projected modes of plant operation (,Jinks et al. 1978). Some mechanical 
stresses that may result in mortality during entrainment are rapid reduction 
in pressure (NYU 1975), shear forces (Morgan et al. 1973, 1976; Morgan 1974), 
and abrasion. During most of the 1979 survival sampling program, the Bowline 
Point plant was not generating power. Consequently, since entrained organisms 



TABLE 6-19 PERCENT COMPOSITION OF ICHTHYOPLANKTON COLLECTED AT THE BOWLINE POINT PLANT WITH THE 
PLANKTON SAMPLING SYSTEMS AND CLASSIFIED TO VARIOUS IDENTIFICATION LEVELS DURING 
STRIPED BASS SEASON, 1979 ... _ .. 

Percent of Total Collected 
1-27 June 

Level of I1 P(a) I1 R(b) D1 P(a) D1 D(c) 
Identification Condition Taxa (403)* (205) (407 ) (258) 

Undamaged 

Primary Alive + dead Striped bass and 44.7 64.4 61.2 62.0 
.white perch 

Bay anchovy 33.3 18.0 11 .5 13.6 
Alosa spp. 10.4 7.8 11.5 15.1 
All other species 1.2 6.8 8.6 5.4 

Secondary Alive Clupeidae 0.5 0.0 0.2 0.0 
Morone spp. 1.7 0.5 0.5 0.0 
Engraulidae 0.2 0.0 0.0 0.0 
Unidentifiable 1.7 0.5 0.7 0.4 

Alive + dead Total 93.8 98.0 94.3 96.5 

Damaged 

Secondary Dead 0.0 0.5 1.0 0.0 
Morone spp. 0.7 0.5 2.2 1.6 
Engraulidae 2.5 0.0 1.0 1.2 
Unidentifiable 3.0 1.0 1.5 0.7 

Total 6.2 2.0 5.7 3.5 

(a) Pumped larval table. 
(b) Rear-draw plankton sampling flume. 
(c) Pumpless plankton sampling flume. 

Note: *Number in parentheses is number of organisms collected at the station. 



TABLE 6-20 PERCENT COMPOSITION OF ICTHYOPLANKTON COLLECTED AT THE BOWLINE POINT PLANT 
WITH THE TWO-SCREEN LARVAL TABLE AND CLASSIFIED TO VARIOUS IDENTIFICATION 
LEVELS DURING ATLANTIC TOMCOD, STRIPED BASS, AND BAY ANCHOVY SEASONS, 

I.evel of 
Identificatlon 

Undamaged 

Primary 

Secondar'y 

Dama~ 

Secondary 

1918 

Condition 

Allve + dead 

AHve 

Ali ve + dead 

Dead 

Taxa 

At lantic tomcod 

Str i ped bass and 
white perch 

Bay anchovy 

Alosa spp. 

All other species 

Clupeidae 

Morone spp. 

Engraul1dae 

Unidentifiable 

Unknown 

Total 

Clupeidae 

Morone spp. 

Engraul1dae 

Unidentifiable 

Unknown 

Total 

(13 MAR - 21 JUL) 
Intake Discharge 

(1,715)· ~.L 

4.1 3.7 

52.0 112.7 

19.2 27 .1 

2.1 10.8 

2.9 6.6 

0.1 0.0 

1.3 0.8 

0.0 0.0 

0.5 0.3 

0.2 0.2 

83.0 92.2(a) 

0.4 0.1 

9.6 2.7 

2.0 2.0 

11.1 2.9 

0.1 0.0 

16.8 7.1 

Percent of Total Collected 
(13 MAR - 16 MAY) (30 MAY - 30 JUN) 

Intake DIscharge Intake Dl scharge 
~ (163) (1,268) (1,316) 

7';'5 49.2 0.5 o 

1.2 1.2 70.3 66.5 

o o 0.4 1.8 

o 6.7 3.6 16.0 

7.0 33.1 3.5 6.1 

0.0 0.0 0.1 0.1 

0.0 0.0 1.8 1.3 

0.0 0.0 0.0 0.0 

0.0 0.6 0.7 0.4 

11.7 2.5 0.0 0.0 

88.4 93.3 80.9 92.2(a) 

0.0 0.0 0.5 0.1 

0.0 0.0 13.0 It .2 

0.0 0.0 0.2 0.2 

11.6 6." 5.4 3.2 

0.0 0.0 0.1 0.0 

11.6 6.7 19.2 7 .. , 

{9-2TJlJTr-
Intake Discharge 
--.Ulli ~IL 

o 

o 

90.0 

o 

o 

0.0 

0.0 

0.0 

0.0 

0.0 

90.0 

0.3 

0.0 

9.1 

0.6 

0.0 

10.0 

o 

o 

91.6 

o 

0.7 

0.0 

0.0 

0.0 

0.0 

0.0 

92.3 

0.0 

0.0 

6.6 

1.2 

0.0 

7.8 

Ta)!ridicates proportion of organisms identifiable to the primary level was significantly higher at the discharge for' a one-tail"d test of 
differences between two proportions (0 = 0.05). 

Note: * - lIumh"r in parenthesiS is number of organl.sms collected at the station. 



TABLE 6-21 PERCENT COMPOSITION OF ICHTHYOPLANKTON COLLECTED AT THE BOWLINE POINT PLANT WITH THE 
TWO-SCREEN LARVAL TABLE AND CLASSIFIED TO VARIOUS IDENTIFICATION LEVELS DURING 
STRIPED BASS AND BAY ANCHOVY SEASONS, 1977 

Percent of Total Collected 
(1 JUN - 15 JUL) (1-26 JUN) (27 JUN - 15 JUL) 

Level of Intake Discharge Intake Discharge Intake Discharge 
Identification Condition Taxa (964 )* ..J,S283) (340) (641) (624) (1,642) 

Undamaged 

Primary Alive + dead Striped bass and 28.0 25.8 75.3 78.6 2.2 5.1 
white perch 

Clupeidae 3.2 1.1 9.1 3.6 0 0.1 
Bay anchovy 64.3 67.1 10.6 8.1 93.6 90.2 
All other species 2.9 3.5 2.1 5.6 3.4 2.7 

Secondary Alive Morone spp. 0.3 0.0 0.9 0.2 0.0 0.0 
Clupeiformes 0.0 0.0 0.0 0.0 0.0 0.0 
Unidentifiable 0.0 0.0 0.0 0.0 0.0 0.0 
Unknown 0.0 0.1 0.0 0.3 0.0 0.0 

Alive + dead Total 98.7 97.6 98.0 96.4 99.2 98.1 

Dam~ed 

Secondary Dead Morone spp. 0.1 0.9 0.3 2.7 0.0 0.2 
Clupeiformes 0.6 0.0 1.2 0.0 0.3 0.0 
Unidentifiable 0.3 1.3 0.0 0.5 0.5 1.6 
Unknown 0.2 0.1 0.6 0.5 0.0 0.0 

Total 1.1 2.3 2.1 2.7 0.8 1.8 

* Number in parenthesis is number of organisms collected at the station. 



were generally not exposed to thermal increases, much of the data can be used 
to estimate mechanical effects in the absence of any thermal discharge (Table 
6-22). A second estimate of mechanical effects can be made from survival data 
for organisms entrained from 18 to 22 June when the plant was in a generating 
mode and discharge temperatures were below the lab-predicted lethal thermal 
threshold. Survival of organisms entrained at discharge temperatures less 
than 30 C were used for this second estimate (Table 6-22). This second 
method may overestimate entrainment mechanical mortality if the assumed 
independence of sublethal thermal and mechanical or sampling stress is not 
valid. 

As would be expected at the intake, where only Bampling stresses are encoun
tered, no significant differences were observed between the two plant operat
ing modes (Table N-4). For this reason, entrair~ent survival estimates were 
made using intake survival data pooled across plant generating modes. The 
collection gear was found to have a significant effect on initial intake sur
vival for white perch (Table N-4). This gear effect was the result of low 
survival (19 percent) of 3-6 mm larvae collected in the flume relative to 
that observed in the pumped larval table (55 per-cent) and compared to 6-9 mm 
larvae (59-63 percent) from both gear (Table 6-~~3). Because the two collec
tion systems may have a differential effect on survival of some organisms, 
intake samples were not pooled across collection gear types. 

Multiway contingency analysis demonstrated a significant reduction in sur
vival at the discharge during periods of sublethal thermal exposure only for 
striped bass post yolk-sac larvae collected at the standpipe (Table N-5). 
The difference observed for striped bass may not be directly related to sub
lethal thermal stress, but rather to differences in the length distribution 
of striped bass collected during the period of thermal discharge (18-22 June) 
compared to the rest of the sampling season. A high proportion of 9-12 mm 
larvae were collected at the discharge standpipe relative to the other three 
stations from 18-22 June (Appendix J-1), and this length group exhibited 
lower survival (13 percent) than the more abundant 6-9 mm fish (54 percent). 
Survival of white perch initially and both striped bass and white perch at 24 
hours exhibited no significant relationship with plant operation. Although 
differences were not significant, survival with the circulating pumps operat
ing with no thermal discharge was slightly higher than with a thermal dis
charge below the lethal thermal threshold. On the basis of these results, it 
is reasonable to conclude that there is no significant interaction between 
sublethal thermal stress and mechanical stress. Consequently, estimates of 
survival of mechanical entrainment stress (Table 6-24) can be made based on 
all survival data collected below discharge temperatures of 30 C. 

Entrainment survival estimates for the most abundant taxa were not signifi
cantly (a = 0.05) less at the diffuser compared to the discharge standpipe. 
Striped bass survival was slightly higher at the discharge, but white perch 
survival was higher at the diffuser (Table 6-24). The apparent increase in 
white perch survival between the standpipe and the diffuser is an artifact 
of the extremely low survival observed for 3-6 mn larvae in the intake flume. 
Since intake survival for this group of larvae was lower (18.9 percent) than 
observed at the diffuser (31 percent), it would appear that an as yet unde
termined gear effect (which increased sampling stress) was operating at the 
intake flume. Whatever the source of this stress, similar effects were not 
observed at the other stations or for other species. Consequently, the best 
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TABLE 6-22 SURVIVAL OF ICHTHYOPLANKTON AT THE INTAKE, UNIT 1 DISCHARGE AND DIFFUSER OF THE 
BOWLINE POINT PLANT AS A FUNCTION OF TEMl'§RATUB~~XPO§URE, 1979 

Temperature 
S~eoies Station (C) 

Striped bass Intake pumped All samples 
table NT{C) 

Intake flume All samples 
NT 

Discharge 20.0-29.9 
standpipe 30.0-32.9 

33.0-35.9 
NT 

Disoharge 20.0-29.9 
Diffuser 30.0-32.9 

33.0-35.9 
NT 

White perch Intake pumped All samples 
table NT 

Intake flume All samples 
NT 

Disoharge 20.0-29.9 
standpipe 30.0-32.9 

33.0-35.9 
NT 

Disoharge 20.0-29.9 
Diffuser 30.0-32.9 

33.0-35.9 
NT 

Clupeids Intake pumped All samples 
table NT 

Intake flume All samples 
NT 

Discharge 20.0-29.9 
standpipe 30.0-32.9 

33.0-35.9 
NT 

Disoharge 20.0-29.9 
Diffuser 30.0-32.9 

33.0-35.9 
NT 

(a) Ps--Init. = in.itial proportion surviving. 
(b) P s--211 hr. = 24 hr proportion surviving. 
(0) NT = No thermal add iUon. 

No. of 
Fish 

6 
4 
7 
2 
2 
2 
0 

15 
3 
1 
1 
6 

1 
2 
9 
4 
5 
0 
0 
8 
3 
0 
0 

16 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Yolk-Sao Larvae Post Yolk-Sao Larvae Juvenile 

Ps--Init. (a) Ps --24 hr. (b) 
No. of No. of 

~ Ps--Init. Ps--24 Hr. Fish Ps--Init. 

0.833 0.833 31 0.710 0.613 0 
0.750 0.750 27 0.741 0.661 0 
1.000 0.857 /j6 0.630 0.500 1 1.000 
1.000 1.000 32 0.563 0./j06 1 1.000 
0.000 0.000 42 0.262 0.143 0 
0.000 0.000 3 0.000 0.000 0 

0 0 
0.800 0.667 59 0.5112 0.339 1 1.000 
0.333 0.000 23 0.348 0.114 0 
0.000 0.000 0 0 
1.000 1.000 0 0 
0.833 0.500 28 0.357 0.071 0 

0.000 0.000 136 0.632 0.390 0 
0.000 0.000 105 0.676 0.429 0 
0.111 0.111 69 0.391 0.275 0 
0.000 0.000 118 0.313 0.229 0 
0.000 0.000 24 0.125 0.125 0 

2 0.000 0.000 0 
Ij 0.000 0.000 0 

0.125 0.000 82 0.311 0.122 0 
0.333 0.333 12 0.333 0.161 0 

0 0 
3 0.000 0.000 0 

0.315 0.000 64 0.315 0.125 0 

115 0.533 0.022 0 
115 0.533 0.022 0 
18 0.611 0.000 0 
16 0.563 0.000 0 
6 0.167 0.000 0 
0 0 
0 0 

46 0.326 0.000 0 
2 0.500 0.000 0 
0 0 
0 0 

38 0.289 0.026 0 

Ps --21j Hr. 

1.000 
1.000 

1.000 



TABLE 6-22 (CONT.) 

Yolk-Sac Larvae Post Yolk-Sac Larvae Juvenile 
Temperature No. of 

Ps--Inlt.(a) Ps--24 hr.(b) 
No. of 

Ps --2Jj Hr. 
No. of 

S(!ecles Station (e) Fish Fish Ps--Init •. Fish Ps--Init. Ps --24 Hr. 

Day anchovies Intake pumped All samples 1 0.000 0.000 144 0.035 0.000 0 
table NT 1 0.000 0.000 142 0.035 0.000 0 

Intake flume All samples 0 37 0.135 0.000 0 
NT 0 33 0.152 0.000 0 

D1.scharge 20.0-29.9 0 1 0,000 0.000 0 
standpipe 30.0-32.9 0 0 0 

33.0-35.9 0 0 0 
NT 0 50 0,040 0.000 0 

Discharge 20.0-29.9 0 3 0.000 0,000 0 
Diffuser 30.0-32.9 0 0 0 

33,0-35.9 0 0 0 
NT 0 35 0.000 0.000 0 



TABLE 6-23 INITIAL SURVIVAL OF STRIPED BASS AND WHITE PERCH COLLECTED AT THE BOWLINE POINT 
PLANT INTAKE, DISCHARGE STANDPIPE, AND DIFFUSER A~ A FUNCTION OF LENGTH, 1979 

Strieed Bass 
Intake - Flume Intake - Pum~ed Table Unit 1 Discharge --unit - Diffuser 

No. of Fish p (a) 
No. of Fish No. of Fish No. of Fish 

Length (rom) Measured s Measured Ps Measured Ps Measured Ps 

0.0-2.9 0 0 0 0 

3.0-5.9 3 0.667 ± 0.272 3 1.000 11 o . 36~ ± O. 1 ~5 2 1.000 

6.0-8.9 37 0.701 ± 0.075 25 0.680 ± 0.093 70 0.5113 ± 0.060 43 0.372 ± 0.07~ 

9.0-11.9 8 0.375 ± 0.171 0.000 30 0.133 ± 0.062 15 0.333 ± 0.122 

12.0-111.9 0 2 0.500 ± 0.354 3 0.000 1.000 

15.0-17.9 0 0 0 0 

18.0-20.9 0 0 0 0 

21.0-23.9 0 0 0 0 

211.0-99.9 0 0 0 0 

Unmeasured 6 1.000 6 1.000 10 1.000 1.000 

White Perch 
Intake - Flume Intake - Pum~ed Table Unlt 1 Discharge Unit Diffuser 

No. of Fish 
P (a) 

No. of Flsh No. of Fish No. of Fish 
Le,!S!:!!. (mm) Measured s Measured Ps Measured Ps Measured Ps 

0.0-2.9 0 0 0 0 

3.0-5.9 53 o . 189 :!: O. 05~ 109 o . 550 ± 0.048 102 0.196 ± 0.039 811 0.310 ± 0.050 

6.0-8.9 17 o • 588 ± o. 119 19 0.632 ± 0.111 13 0.308 ± 0.128 12 0.583 :t 0.142 

9.0-11.9 3 1.000 3 0.667 ± 0.272 7 0.571 ± 0.187 1.000 

12.0-111.9 1.000 0 0 a 

15.0-17.9 a 0 0 0 

18.0-20.9 0 0 0 0 

21.0-23.9 a 0 0 0 

24.0-99.9 0 0 0 0 

Unmea"l1red 1/ 1.000 12 1.000 3 0.667 :t 0.272 1.000 

(a)-P
1 

= init.lal proportion alive: (no. !lve .. no. stunned/no. live .. no. stunned .. no. dead). 
(b) ± standard error. 



TABLE 6-24 ESTIMATES OF POST YOLK-SAC ENT.RAINMENT SURVIVAL IN THE 
ABSENCE OF THERMAL STRESS (Mechanical Effects Only) 
AT THE BOWLINE POINT PLANT, 19'79 

SeC %) (a) 
Species Observation Standpipe Diffuser 

Striped bass Initial 60.0 ± 9.8 56.0 ± 12.4 
24 hr. 41.9 ± 11 .4 23.6 ± 9.7 

White perch Initial 43.3 ± 7.4 94.1 ± 20.0 (36.8 ± 
24 hr. 31.5 ± 3.4 48.0 ± 16.9 (32.2 ± 

Clupeids Initial 57.7 ± 14.5 30.0 ± 13 .1 
24 hr. 

(a) Se = entrainment survival (discharge survi,ral/intake survival) 
±1 standard error. 

5.5)(b) 
3.9)(b) 

(b) Estimates of entrainment survival (in parenthesis) at the diffuser for 
white perch are based on uncorrected diffuser survival because apparent 
differential gear effects preclude use of intake flume data to calculate 
See 



estimate of entrainment survival at the diffuser for white perch post yolk
sac larvae is the observed diffuser survival uncorrected for sampling mor
tality. It appears that the additional distance traveled in the discharge 
pipe and passage through the diffuser does not significantly increase the 
rate of mortality associated with mechanical stress. 

Comparison of initial and 24-hour entrainment survival estimates shows a 
reduction in survival of approximately from 12 to 45 percent during the 
first 24 hours following entrainment, which may be associated with the 
latent effects of entrainment. No 24-hour entrainment survival estimate 
could be calculated for clupeids since none survived through 24 hours of 
either the intake rear-draw flume or the discharge standpipe. 

While estimates of entrainment survival for post yolk-sac larvae aregener
ally lower than in previous years, this observation may be a result of the 
sampling schedule. During 1979, sampling ended in late June and few larvae 
in excess of 9 mm were collected. Studies between 1975 and 1978 showed that 
survival increased with length and because of the longer sampling season, 
larvae greater than 9 mm composed a significant portion of the post yolk-sac 
life stage. Therefore, comparison of annual Se for data pooled by life stage 
can be misleading. 

The apparent decrease in survival with length observed for striped bass may 
be a sampling artifact, since live larvae held past 96 hours were not mea
sured and many other organisms which were alive at 96 hours are missing from 
the analysis because positive identification was prevented by decomposition 
or organisms were lost during extended holding as a result of predation or 
cannibalism: 

Pumped Pumpless 
Intake Intake StandEiEe Diffuser 

Striped bass (PYS) 6 7 7 1 
Morone spp. 3 0 1 0 
Decomposed 6 1 3 0 
Missing (after 96 12 1 8 0 

hours) 

Preliminary field identification at 96 hours indicated that most of these 
organisms were probably Morone. Therefore, if a significant proportion of 
these fish were striped bass and if survival increases with length (as in 
previous years), initial survival may be progressively underestimated as 
length increases. 

6.3.3.2 Direct Release Studies with Hatchery-reared Striped Bass 

6.3.3.2.1 Initial Survival During Direct Release 

Initial survival of hatchery-reared striped bass varied by life stage, samp
ling station, and sampling gear (Table 6-25). Survival was lowest for yolk
sac larvae, higher for post yolk-sac larvae, and generally highest for eggs. 
Survival proportions for hatchery-reared striped bass eggs tested in direct 
release and associated control experiments varied from 0.341 to 1.000 (Table 
6-25). Striped bass yolk-sac larvae, 3 to 5 days old (Table L-1) were 
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TABLE 6-25 SURVIVAL OF HATCHERY-REARED STRIPED BASS DURING DIRECT RELEASE STUDIES AT THE BOWLINE 
POINT PLANT, 1979 

Number ProEortion Surviving(a) 
Life Sta~ Dates Station Collected Initial 24-Hour 

Eggs 21,22,24 May Holding control 122 1.000 0.983 
Intake-pump 146 0.733 ± 0.037(b) 0.603 
Intake-pumpless 159 0.950 ± 0.017 0.912 
Discharge-pump 44 0.341 ± 0.071 0.205 ± 0.061 
Diffuser-pumpless 27 0.778 ± 0.080 0.778 ± 0.080 

Yolk sac- 24,25,29 May Holding control 130 1.000 0.769 ± 0.037 
larvae Intake-pump 193 0.316 ± 0.033 0.176 ± 0.021 

Intake-pumpless 212 0.119 ± 0.026 0.132 ± 0.023 
Discharge-pump 100 0.320 ± 0.041 0.240 ± 0.043 
Diffuser-pumpless 45 0.289 ± 0.068 0.222 ± 0.062 

Post yolk- 31 May Holding control 438 1.000 0.808 ± 0.019 
sac larvae 5,6,12,13,19 Intake-pump 418 0.596 ± 0.024 0.502 ± 0.024 

20,22,25 June Intake-pumpless 389 0.830 ± 0.019 0.712 ± 0.023 
Discharge-pump 534 0.556 ± 0.022 0.498 ± 0.022 
Diffuser-pumpless ~ "" ,... _"""'_ . ,.. .... 1.- 0.475 ± 0.045 It::.t::. U.:Jjj :!: U.Uq~ 

(a) Proportion survlvlng = (no. live + no. stunned/total no. collected) - non-normalized. 
(b) ±1 standard error. 



apparently more sensitive to stresses associated with entrainment, sampling, 
and holding, since initial survival proportions for all test groups were lower 
than those for eggs (Table 6-25). Initial survival proportions for post yolk
sac larvae were substantially higher than for yolk-sac larvae and ranged from 
0.533 to 1.000. 

Survival of hatchery-reared striped bass eggs was significantly lower, (Table 
N-6) at the discharge stations, (discharge and diffuser) than at the two 
intake stations (Table 6-25) and therefore significant entrainment mortality 
occurs. Significant differences in egg mortality (Table N-6) between the 
pumped and pumpless sampling gear were observed with much higher survival 
associated with the pumpless (0.950 and 0.778) system in comparison to the 
pumped table (0.733 arid 0.341). The lack of independence between gear and 
station, although significant (Table N-6), indicated only that organisms 
were not randomly distributed among the various combinations of gear and 
station (Table 6-25). 

Initial survival of hatchery-reared striped bass yolk-sac larvae was always 
low (Table 6-25) but did not significantly differ between the intake and 
discharge station (Table N-6). In contrast to egg survival, the pumped lar
val tables had significantly higher survival than the pumpless gear (0.316 
versus 0.179 at the intake and 0.320 versus 0.289 at the discharge). As 
with eggs, the nonrandom distribution of organisms caused a significant 
interaction (Table N-6) between gear and station, with intake collections 
always containing more organisms than the discharge collections. No signi
ficant gear x station x survival interaction was observed. 

All three main factors, gear x station, station x survival, and gear x sur
vival along with the interaction among the three factors were significant 
(~ = 0.05) for hatchery-reared striped bass post yolk-sac larvae (Table 
N-6). Initial survival was higher at the intake than the discharge (Table 
6-25) thus indicating significant entrainment induced mortality. The three
factor interaction was probably caused by the shift in relationship of sur
vival between intake stations and discharge stations for the pumped larval 
table versus plankton sampling flume. The pumpless flume produced much 
higher (0.830 to 0.596) survival at the intake but slightly lower (0.533 to 
0.556) survival at the discharge in comparison to the pumped table. Over 
60 percent of the overall significant interaction is attributable to the 
lack of independence between which gear x station signifies an uneven dis
tribution of organisms along the gear and station combinations (Table 6-25). 

In summary, initial survival of hatchery-reared striped bass varied by life 
stage, sampling station, and sampling gear. Eggs exhibited the highest survi
val followed by post yolk-sac and yolk-sac larvae. Significantly (~ = 0.05) 
higher egg survival occurred at the intake than discharge station and for the 
pumpless versus the pumped collection methods. No significant difference in 
survival was noted between the intake and discharge stations but the pumped 
larval table demonstrated higher survival of yolk-sac larvae. Post yolk-sac 
larvae survival was higher at the intake than discharge station. 
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6.3.3.2.2 Latent Effects During Direct Release 

Survival of hatchery-reared striped bass determined initially to be alive or 
stunned was monitored for 96 hours following sample collection to test for 
the presence of latent effects due to entrainment. Extended survival of 
hatchery-reared striped bass differed by life stage, sometimes by collection 
gear, but not by sampling station (Figure 6-36). As with initial survival 
(Section 6.3.3.2.1), 24-hour survival was lowest for YOlk-sac larvae, higher 
for post YOlk-sac larvae, and highest for eggs (Table 6-26). Striped bass 
yolk-sac larvae were apparently more sensitive to stresses associated with 
entrainment, sampling, and holding than either eggs or post yolk-sac larvae. 
The fairly strong decrease in survival between 72 and 96 hours for post 
YOlk-sac larvae may be attributable to starvation or other holding-associated 
problems. 

Extended survival (96-hours) of hatchery-reared striped bass eggs was highly 
dependent (ex = 0.05) on the collection gear (Table N-7). All eggs collected 
hatched or were dead by 96 hours, therefore total hatch at 96 hours was used 
to evaluate latent effects for eggs. Eggs collected with the pumpless (0.874 
at intake and 0.952 at discharge) plankton flume exhibited much higher sur
vival than eggs collected with the pumped (0.804 at intake and 0.600 at 
discharge) larval tables (Table 6-26) indicating that there is less of a 
sampling effect on eggs collected in the pumpless system. No significant 
difference was observed in latent survival bebreen organisms collected at 
the intake and discharge stations and no significant gear x station x sur
vival interaction was noted. 

As observed for wild larvae the sharpest decline in survival occurred prior 
to 24 hours (Section 6.3.3.1.3). After 24 hours the intake and discharge 
curves were generally parallel; i.e., the rate of mortality over each 24 
hour interval was the same for both intake and discharge stations. No sig
nificant (ex = 0.05) differences in 24-hour survival of yolk-sac larvae were 
found between the intake or discharge samples collected with either the 
pumped or pumpless gear (Table N-7). The three-way interaction was not 
significant and the overall three-way test of independence was also nonsig
nificant (Table N-7). Survival through 96 hours decreased but both stations, 
both gear, and even the holding controls decreased at a fairly uniform rate 
(Figure 6 -36) • 

Twenty-four hour survival of hatchery-reared striped bass post YOlk-sac 
larvae did not significantly (ex = 0.05) differ between intake and discharge 
stations or with the method of collection (Table N-7). The gear x station 
interaction was highly significant but denotes only the nonrandom distribution 
of organisms collected in various gear and stat:i.on combinations. There was 
no significant three-way interaction among gear x station x survival. 

Minimal additional mortality beyond that observE~d by 96 hours was observed in 
long-term (14-day) survival studies of hatchery·-reared striped bass YOlk-sac 
and post yolk-sac larvae (Table 6-27). Limited sample sizes (n = 4 and 22) 
precluded valid statistical comparisons of surv:L val at the intake and dis
charge and pump versus pumpless collection gear for YOlk-sac larvae. How
ever, discharge samples exhibited a lower survival of post yolk-sac larvae 
than did intake samples (Table 6-27). 
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TABLE 6-26 EXTENDED SURVIVAL OF EGGS AND LARVAE OF HATCHERY-REARED STRIPED BASS COLLECTED 
AT THE INTAKE, DISCHARGE STANDPIPE, AND DISCHARGE DIFFUSER DURING DIRECT 
RELEASE SAMPLING AT THE BOWLINE POINT PLANT, 1979 

Life Stage 

Eggs 

Station 

Holding controls 
Intake--pump 
Intake--pumpless 
Discharge 

standpipe--pump 
Discharge 

diffuser--pumpless 

Yolk-sac Bolding controls 
larvae Intake--pump 

Intake--pumpless 
Discharge 

standpipe--pump 
Discllarge 

dlffuser--pumpless 

Post Bolding controls 
yolk-sac Intake--pump 
larvae Intake--pumpless 

Discharge 
standpipe--pump 

Discharge 
diffuser--pumpless 

No. of 
Organlsms(a) 

122 
101 
151 
15 

21 

130 
61 
38 
32 

13 

438 
2119 
323 
291 

65 

o hours 

1 .000 
1.000 
1.000 
1 .000 

1.000 

1.000 
1 .000 
1.000 
1.000 

1.000 

1.000 
1.000 
1.000 
1.000 

1.000 

3 hours 

1.000 
0.86910.055 
0.98110.009 
0.86110.088 

1.000 

6 hours 

0.99210.008(b) 
0.83210.021 
0.96110.015 
0.13310.11 11 

1.000 

0.96910.015 0.923±0.023 
0.18110.052 0.70510.058 
0.86810.055 0.18910.066 
0.84410.064 0.844tO.064 

0.84610.100 0.84610.100 

0.90010.014 0.86310.016 
0.91210.018 0.89610.019 
0.96910.010 0.94410.013 
0.91610.009 0.93910.014 

0.93810.015 0.93810.030 

'(;)Number of organisms indicates number of fish alive (live and stunned) at 0 hours. 
(b) 1 standard error. 

12 hours 

0.99210.008 
0.82310.021 
0.96110.015 
0.66110.122 

1.000 

211 hours 

0.98410.011 
0.82210.020 
0.96010.015 
0.60010.126 

1.000 

48 hours 

0.981110.011 
0.81310.020 
0.93410.018 
0.60010.126 

1.000 

12 hours 

0.96110.016 
0.80410.038 
0.88110.019 
0.60010.126 

0.95210.01J1 

0.87110.029 0.76910.031 0.60010.043 0.53810.01J4 
0.60710.063 0.55110.064 0.508to.064 0.42610.063 
0.16310.069 0.13110.011 0.1J11J10.081 0.39510.019 
0.84410.064 0.15010.011 0.50010.088 0.34410.084 

0.84610.100 0.16910.111 0.38510.135 0.23110.111 

0.84110.017 0.80810.019 0.10510.022 0.56410.024 
0.87610.021 0.84310.023 0.11510.026 0.62210.029 
0.91310.016 0.85810.019 0.19910.022 0.62510.027 
0.91910.016 0.89610.018 0.83810.021 0.68110.021 

0.92310.033 0.89210.038 0.86210.043 0.76910.052 

96 hours 

0.96110.016 
0.80410.038 
0.871110.021 
0.60010.126 

0.95210.041 

0.46910.01J11 
0.41010.063 
0.36810.018 
0.31310.082 

0.23110.111 

0.31910.023 
0.44210.031 
0.46110.028 
0.44410.029 

0.55410.062 



TABLE 6-27 LONG-TERM (14-DAY) SURVIVAL OF HATCHERY-REARED STRIPED BASS DURING 
DIRECT RELEASE STUDIES AT THE BOWLINE POINT PLANT, 1979 

Holding Intake Intake Discharge Diffuser 
Yolk-Sac Control Pump Pumpless Pump Pump less 

Larvae N = 84 N = 42 N = 33 N = 22 N = 4 

96-hour o .333z0. 103 0.4051:0.076 0.333:!:0.082 0.136:!:0.073 0.750±0.217 
5 days 0.333±0.103 0.381±0.071 0.333±0.082 O. 136±0 .073 0.750±0.217 
6 days o .333±0.103 o .381±0.071 0.333±0.082 o • 1 36 ± 0 • 07 3 0.750±0.217 
7 days 0.333±0.103 0.357±0.074 0.333±0.082 O. 136±0 .073 0.750±0.217 
8 days 0.310±0.104 0.357±0.074 0.333±0.082 0.136±0.073 0.750±0.217 
9 days 0.310±0.104 0.357±0.074 0.333±0.082 O. 136±0 .073 0.750±0.217 

10 days 0.310±0.104 0.357±0.074 0.333±0.082 O. 136±0 .073 0.750±0.217 
11 days 0.310±0.104 O.357±0.074 0.333±0.082 0.O91±0.061 0.750±0.217 
12 days o .310±0 .104 0.357±0.074 0.333±0.082 0.091±0.061 0.750±0.217 
13 days O.310±0.104 0.357±0.074 0.333±0.082 0.091±O.061 0.750±O.217 
14 days 0.310±0.104 0.357±0.074 0.333±0.082 0.091±0.061 0.750±0.217 

Post 
Yolk-Sac 

Larvae N = 21L N = 143 N = 187 N = 186 N = 40 

96-hour 0.388±0.033 0.483±0.042 0.465±0.036 0.457±0.037 0.450±0.079 
5 day's 0.288±0.031 0.378±0.041 0.421±0.036 0.360±0.035 0.375±0.077 
6 days o .256±0 .029 O.370±0.040 o .3711±0 .035 o .339±0 .035 0.275±0.071 
7 days 0.233±0.029 0.364±0.040 0.374±0.035 0.290±0.033 0.250±0.068 
8 days 0.205±0.027 0.350±0.040 0.348±0.035 0.220±0.030 0.225±0.066 
9 days 0.201±0.027 0.312±0.039 0.348±0.035 0.210±0.030 0.225±0.066 

10 days 0.187±0.026 o .312±0 .039 0.332±0.034 0.177±0.028 0.225±0.066 
11 days o .187±0.026 0.312±O.039 0.310±0.034 o .167±0.026 0.225±0.066 
12 days 0.187±0.026 0.312±0.039 0.310±0.034 0.151 ±O .026 0.200±0.063 
13 days o • 187 ±O .026 0.312±0.039 o .31D±0.034 O. 151±0 .026 0.175±0.060 
14 days o . 187 ±O .026 0.308±0.039 0.305±0.034 0.145±0.026 0.175±0.060 



Any long-term survival study should consider the effects of naturally occur
ring decreases in the population. The 0 bservelj mortali ty rates for these 
long-term (14-day) studies were all less than mortality rates observed in 
nature for the Hudson River (TI 1980a) and the Potomac River (Polgar 1977). 
Mortality rate estimates of 19.2 percent per day for finfold larvae (aged 
13 to 23 days) in the Potomac River, and 14.2 percent per day (aged 13 to 22 
days) for the Hudson River were reported. Obviously, these natural mortality 
rate estimates include predation which was eliminated in the long-term sur
vival studies. Comparisons with the holding controls are useful indicators 
of stress associated with sampling and entrairunent. Three of the four yolk
sac larvae and one-half of the post yolk-sac larvae experimental groups 
demonstrated higher survival than the holding eontrol groups. This apparently 
indicates no long-term (14-day) entrainment associated effects. 

In summary, the latent effects of entrainment for hatchery-reared striped 
bass varied by life stage, and sometimes by collection gear, but not by 
sampling station. Extended survival estimates for eggs were highly dependent 
upon the collection gear, with significantly higher survival observed 
with the plankton sampling flume. No significant differences in extended 
survival of yolk-sac larvae or post yolk-sac larvae were observed between 
intake and discharge samples collected with either the pumped or pumpless 
methods. Long-term (14-day) latent effects studies demonstrated that the 
effects of entrainment and sampling were detectable before 96 hours. 
Because no additional latent effects were apparent after 24 hours [similar 
observations made for wild striped bass collected in standard viability 
samples are discussed in (Section 6.3.3.1)] subsequent analyses used initial 
and 24-hour survival to assess the effects of entrainment on striped bass 
larvae; the percent hatch (96-hours) is used for eggs. 

6.3.3.2.3 Evaluation of Mechanical and Thermal Effects During Direct 
Release 

Mechanical stresses associated with pump mode (whether the circulator pumps 
were operated at full or throttled capacity) could not be evaluated during 
the 1979 direct release studies because two circulator pumps were always 
run at full capacity during the 14 sampling dates (Table L-1). It is 
assumed, however, that all decreases in survival that are not sampling
related will be mechanical when temperatures are less than 30 C. Mechan
ical effects during 1978 direct release studies were found to be low (EA 
1979a). 

Entrainment-related thermal effects were also difficult to evaluate during 
the 1979 direct release studies because the Bowline Point power plant gener
ated electricity on only three of the fourteen sampling days (Table L-1). 
Even when power was generated (19, 20, and 22 June), the cooling water tem
perature rose only 2 to 3 C above ambient. The maximum temperature recorded 
at either of the discharge stations while electricity was being generated 
was 27.0 C, well below the lowest temperatures (30 C) at which any thermal 
effects are expected (EA 1979b) for striped bass post yolk-sac larvae. 
Although survival was consistently lower at the diffuser and discharge when 
there was a thermal discharge, compared to periods with no thermal load 
(Table 6-28), this lower survival was also noted at the intake with the 
pumped collection gear and, therefore, is more :.ndicati ve of some other 
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TABLE 6-28 SURVIVAL OF STRIPED BASS POST YOLK-SAC LARVAE AT THE INTAKE, 
DISCHARGE STANDPIPE, AND DISCHARGE DIFFUSER OF THE BOWLINE 
POINT PLANT AS A FUNCTION OF TEMPERATURE EXPOSURE, 1979 

Latent 
Temperature Initial C24-Hour) 

Range No. of Fish Proportion Proportion 
Station C C) Collected Survivi~ Survivin~ 

Holding controls 20-26 438 1.000 0.808±0.019 

Intake pump 23-24(a) 159 O.478±O.040 0.352±O.038 
20-22(b) 259 0.668±O.O29 0.595±O.O31 

Intake pumpless 23-24(a) 119 O.899±0.028 O.807±0.036 
21-22(b) 270 O.800±0.O24 O.670±O.029 

Discharge 26-27(a) 266 O.451±0.031 0.402±O.030 
standp ipe--pump 20-25(b) 268 O.660±O.029 0.593±O.030 

Discharge 25-27(a) 57 0.421±0.065 O.386±0.O64 
diffuser--pumpless 20-24 (b) 65 0.631±0.060 0.554±0.062 

(a) Collections on 19, 20, and 22 June. 
(b) NT = No thermal addition, 31 May and 5, 6, 12, 13, and 25 June. 



environmental or population differences among the batches of larvae than 
indicative of sublethal thermal stress associated with entrainment. 

6.3.3.2.4 Relationship Between Survival and Total Length 

Initial and 24-hour survival varied by length group, sampling station, and 
sampling gear (Table 6-29). Since differences between the pumped and pumpless 
collection systems were previously noted (SecUons 6.3.3.2.1 and 6.3.3.2.2), 
analyses were performed on each collection method separately. Significant 
differences in initial survival (Table N-8) occurred among the four length 
groups examined for both the pumped and pumpless systems. Generally, the 
larger larvae exhibited a higher proprotion surviving (Figure 6-37). The 
exception to this trend occurred at the two discharge stations where survival 
decreased for the second length group (6 to 8.9 mm). Although station dif
ferences in survival were significant, any consistent patterns (Figure 6-37) 
between intake and discharge were generally masked by a strong three-way 
(total length x station x survival) interaction. The YOlk-sac and early 
post YOlk-sac larvae in the 6-8.9 mm length category (Table 6-29) appear 
slightly more susceptible to entrainment-related mortality than the 5 rom 
larvae. This pattern may be a result of increased sensitivity of larvae to 
stress during the transition from yolk-sac to post yolk-sac larvae. 

Twenty-four hour survival showed nearly identical trends as the initial sur
vival with significant differences among the four length groups observed with 
both the pumped and pumpless collection metqods (Table N-9). Latent survival 
was extremely low (less than 10 percent, Table 6-29) for intake samples in 
the 3-5.9 mm length group and then it increased dramatically for larger lar
vae (Figure 6-38). Extended survival for collections at the discharge was 
fairly good (Table 6-29) for the smallest length group but declined for the 
6-8.9 mm length group and then increased for the last two length groups. 
These station and size inconsistencies cause the three-way interactions to 
be highly significant (a = 0.001) with both the pumped and pumpless collec
tion method. , 

Yolk-sac larvae tested were either 5 or 6 mm in total length (Table 6-30). 
Early post yolk-sac larvae ranged from about 5 to 8 mm in total length while 
later post yolk-sac ranged up to 15 mm total length. Since differences in 
initial (Section 6.3.3.2.1) and extended (Section 6.3.3.2.2) survival were 
noted among life stages, it is not surprising that differences in survival 
were also observed among length groups. 

6.3.3.2.5 Entrainment Survival During Direet Release 

Entrainment survival was estimated by comparing survival at the intake 
pumped table to the discharge pumped table (standpipe) and the intake rear
draw plankton flume to the diffuser pumpless plume. Initial and 96-hour 
entrainment survival estimates for striped bass eggs were lower at the 
discharge pumped station than the diffuser pumpless station (Table 6-31). 
Higher initial survival estimates of hatchery-reared striped bass eggs 
(6.3.3.2.1) were observed in collections with the pumpless collection 
systems. 

Entrainment survival (Se) of hatchery-reared striped bass YOlk-sac larvae 
was 100 percent at both the discharge and diffuser stations, and at initial 
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TABLE 6-29 INITIAL AND 24-HOUR SURVIVAL BY LENGTH GROUP OF HATCHERY-REARED STRIPED BASS 
DURING DIRECT RELEASE STUDIES AT THE BOWLINE POINT PLANT, 1979 

No. of No. of 24-Hr 
Length Fish Initiat Se (%) Fish Alive Survival Se (%) 

Station (rom) Measured Survival a) (Initial) (b) at 24 Hr (Ps ) (24 Hr.) 

Holding controls 3.0-5.9 76 1.000 44 O.759±0.057 
6.0-8.9 203 1.000 144 0.709±0.032 
9.0-11.9 119 1.000 104 0.874±O.030 

12.0-14.9 15 1 .000 14 0.933±0.065 

Intake--pump 3.0-5.9 118 0.297±0.042 8 0.068±0.023 
6.0-8.9 165 0.467±0.039 63 0.382±0.038 
9.0-11.9 170 0.500±0.038 64 0.376±0.037 

12.0-14.9 19 0.632±0.111 9 o .474±0. 115 

Intake--pumpless 3.0-5.9 96 o. 156±0 .037 6 0.063±0.025 
6.0-8.9 166 0.578±0.038 63 0.380±0.038 
9.0-11.9 108 0.887±0.030 87 O.806±O.038 

12.0-14.9 5 1.000 5 1.000 

Discharge--pump 3.0-5.9 23 0.435±0.103 100.0 8 0.348±0.099 100.0 
6.0-8.9 108 0.361±0.046 77.3±12.4 211 0.222±0.040 58 .1± 11.9 
9.0-11.9 197 0.619±0.035 100.0 102 0.518±0.036 100.0 

12.0-14.9 17 0.588±0.119 93 .0±24. 9 10 0.588±0.119 100.0 

Diffuser--pumpless 3.0-5.9 9 o .556±0 .166 100.0 4 0.4114±0.166 100.0 
6.0-8.9 55 0.182±0.052 31.5±9.2 5 0.091±0.039 23.9±10.5 
9.0-11.9 62 0.484±0.063 54.4±7.4 27 0.435±0.063 54.0±8.2 

12.0-14.9 4 0.500±0.250 50.0±25.0 2 0.500±0.250 50.0±25.0 

(a) Initial proportion survlvlng = (no. live + no. stunned)/(no. live + no. stunned + no. dead). 
(b) (Entrainment survival) = 100 x (proportion surviving entrainment + sampling)/proportion surviving 

sampling. 
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TABLE 6-30 LENGTH FREQUENCY OF SUBSAMPLED HATCHERY-REARED STRIPED BASS LARVAE 
USED IN DIRECT RELEASE STUDIES AT THE BOWLINE POINT PLANT, 1919 

Date 
Yolk-Sac Early Post 

Total Larvae Yolk-Sac Larvae 
Length 24 25 29 31 5 6 12 13 19 20 22 25 

(mmL MAY MAY MAY MAY JUN JUN JUN JUN JUN JUN JUN JUN Total Percent 

5 34 35 33 8 100 16.1 

6 16 25 11 40 26 1 125 20.8 

1 2 23 11 43 1.2 

8 1 32 8 1 48 8.0 

9 23 21 39 31 20 140 23.3 

10 18 15 11 18 4 61 11.2 

11 1 25 3 30 5.0 

'" 1 11 18 3.0 IC 

13 11 11 2.8 

14 1 1 1.2 

15 5 5 0.8 



TABLE 6-31 ENTRAINMENT SURVIVAL OF HATCHERY-REARED STRIPED BASS AT THE BOWLINE POINT PLANT, 
DURING OP_ERAT1:ON WITH TWO PUt-1P~ FULL, 1979 

Tem- Number Collected Se (%) 

perature Pum,e Pum,eless Discharge Diffuser 
Life Stage ( C) Intake Discharge Intake Diffuser Initial 24-Hour Initial 24-Hour 

Eggs 18-21 146 44 159 27 46 .5.dO.0 34.5±10.3* 81.9±8.6 89.3±9.0* 

Yolk-sac 18-20 193 100 212 45 100 100 100 100 
larvae 

Adjusted for 97 44 100 100 
dead 

Post-yolk 19-27 418 534 389 122 93.3±5.3 99.2±6.5 64.2±5.6 66.7±6.7 
larvae 

Adjusted for 491 109 100 100 71.7 71.2 
nos. dead 

(a) Se (entrainment survival) = 100 x (Proportion Surviving Entrainment + Sampling)/Proportion Surviving 
Sampling. 

*Percent hatch estimated for eggs at 96-hours. 



and 24-hour observations. Striped bass post yolk-sac larvae entrainment 
survival (Se) estimates were over 93 percent for collections at the pumped 
discharge station and approximately 65 percent for diffuser pumpless collec
tions. Collections at the discharge standpipe exhibited entrainment survival 
estimates of 100 percent when adjustments were made for the number of dead 
organisms originally released at the intake (Table 6-31). 

Entrainment survival estimates for larvae in the 3-5.9 mm length category 
(generally yolk-sac larvae) were 100 percent (Figure 6-39). Post yolk-sac 
larvae entrainment survival estimates generally increased with increasing 
size of the larvae. Entrainment survival estimates for post YOlk-sac organ
isms collected at the discharge standpipe were consistently higher across all 
length groups than estimates for organisms collected at the discharge diffu
ser (Figure 6-39). While egg entrainment survival was higher at the diffuser 
(probably as a result of decreased sampling stress with the pumpless method 
of collection), entrainment survival of post YOlk-sac larvae (which exhibited 
no collection gear effect, Table N-7) was lower at the diffuser. It appears, 
therefore, that some additional stress between the discharge standpipe and 
the diffuser may further reduce larval survival. 

6.3.3.2.6 Sampling System Effects During D:irect Release 

Comparison of gear control survival with the cOl~responding experimental sam
ple suggests that sampling stress is minimal (Table L-1). Approximately 
twenty-five organisms were released in the gear to evaluate sampling stress. 
No gear control experiments were conducted with eggs and yolk-sac larvae 
evaluated on only one day (Table L-1). Sampling stress on post yolk-sac 
larvae was evaluated on all collection dates. Lower survival observed for 
gear control organisms at the diffuser than at the pumpless intake may be 
the result of transport of the control organisms to and from the diffuser 
station (one-half mile by boat). Survival at the diffuser may also be lower 
in general because of rough water conditions at the offshore diffuser. 
Lower flow rates at the discharge (700-800 liter/min.) than at the intake 
(850-900 liter/min.) may have contributed to higher extended survival at the 
discharge. Studies conducted in 1978 (Appendix K, EA 1979a) indicate that 
survi val decreased in the 10-foot larval table as flow was increased. 
Although flow rates and RPM were adjusted at eaoh station to produce compa
rable samples, changes in tide height often caused a change in flow at the 
discharge. Generally higher extended survival observed for the discharge 
experimental and control samples, when compared with the corresponding 
intake survival, may have occurred because of oocasional rough water in 
Bowline Pond. 

6.3.3.2.7 Recovery Efficiency During Direct Release 

Recovery efficiency based on direct release experiments in 1979 ranged from 
20 to 246 percent of the expected number of hatchery-reared organisms (Table 
6-32). Recovery of eggs ranged from 20 to 52 percent, yolk-sac larvae from 
44 to 71 percent, and post yolk-sac larvae from 91 to 246 percent. The over
all percent recovery was: 35 percent for eggs, 55 percent for yolk-sac 
larvae, and 162 percent for post yolk-sac larvae (Table 6-33). 

Recovery of hatchery-reared striped bass at the discharge indicated that over 
95 percent of the eggs and larvae released at the intake pass the discharge 
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TABLE 6-32 EXPECTED AND ACTUAL NUMBER OF HATCHERY-REARED STRIPED BASS RECOVERED FROM THE DISCHARGE 
STANDPIPE AND THE DISCHARGE DIFFUSER AT THE BOWLINE POINT PLANT FOLLOWING RELEASE OF AN 
ESTIMATED POPULATION AT THE INTAKE DURING MAY AND JUNE, 1979 

n,,1easp. 

-.~'!-~.£.-

22 MAY 

:'.4 MAY 

211 MAY 

25 MAY 

29 MAY 

31 MAY 

5 JIJN 

6 JUN 

12 .'UN 

____ Sla!'!9!, ___ ._. __ G_~~ __ ____ J_ife S!?r.;£!~_. __ 

Dischar'ge standpipe L.a.-val table Eggs/3 days ·since 
DLqchar'gc diffuser Larval table ovulation 

Discharge standpipe Larva 1 table Eggs/2 days "lnce 
Discharge standpipe Manual nets ovul aUon 
DIscha"ge dl ffusel' LanaI. table 

Discharge standpipe Larval table Yolk-sac lar'vae/5 days 
Dischar-ge standpipe Manual nets 
Discharge dl ffuser Larva I table 

!lischa"ge standp I.pe Larva 1 tabl e Yolk-sac larvae/3 days 
DtflCharge standpipe Manual nets 
Discharge diffuner Larval table 

Discharge stnn1lpipe Larva 1 t.able Yolk-sac larvae/II days 
Discharge standpipe Manual net.s 
Dischar-ge diffuser Larval table 

Volume 
Sampled 
_J~2L_ 

9.6 
10.2 

11.5 
22.2 
10.0 

11.5 
22.2 
10.0 

12.4 
23.1 
11.0 

10.4 
20.6 
12.2 

Discharge standpipe 
Dischar'gc standpipe 
Discharge diffuBcr 

Larva I tab 1e 
t1anua I nets 
LanaI table 

Post yolk-sac larvae/9 days 11.3 

Diseh""ge standpIpe I.arval table Pos!; yolk-!'Iac lar'vael 

Ilischa.'g" standpipe 

Di3ch"rge st.andplpe 
Discharge standplp€' 
Discharge dl [fuser' 

14 and 1 days 

l.arva J table Post yolk-!<ac Jar'vae/ 
16 days 

Larval tabl e Post yolk-sac larvae/ 
11anual nets 21 days 
Larva 1 table 

21.9 
10.6 

111.0 

13.0 

10.6 
111.1 
10.1 

PlImp 
!>jlel-ation 

2 full 

;> full 

2 full 

2 full 

2 full 

2 full 

~ full 

2 full 

2 full 

E"t.lmated 
Number 

_Relea~_ 

Expected 
Numb"r 

Recover'ed -----

15,000 110 
q3 

1: = 83 

15,000 48 
116 
112 

E 136 

9?,?13~15,450 59±10 
51tl0 
5119 

1: 161 

15,006±15,614 52!11 

118,339±1,1j115 

52±10 
1j1±10 

1: 151 

20±4 
30±5 
33t5 

1: = 91 

17 ,2991 12 ,520 11910 

59, 100±6 ,666 

46,561t3,790 

51,050 11,182 

WI±O 
116!7 

1: 1112 

1: = 11615 

E 34±3 

3014 
25±5 
2914 

E = 04 

(;~T-No.-;,ecov"red corr'ected 1'0" wi) d la.'vae collected in s~mp Ie as pred lcted by pre- and post-·r'elease samp le:'!. 

Actual 
Ilumher 

Recoverec1(a) 

9 
8 

1: 17 

11 
21 
19 

1: = 51 

31 
27 
16 

1: = 711 

qll 

30 
23 

I: = 101 

?6 
19 
10 

E = 45 

411 
71 
27 

E = 142 

1: 112 

1: 62 

3'1 
51 
16 

1: = lOll 

Percent of 
Expected 

~ 

20 

38 

44 

'/1 

49 

100 

91 

182 

124 



TABLE 6-32 (CONT.) 

Volume EstImated Expected Actua I Percent of 

Release Sam~led I'umr' Number Number Numher Expected 

~ Station Gear ___ Life Stagel Age _!.E_l _) _ !l£!'ratlon Released Reco.r.ered Recovet'ed(a) ~umb_~ 

13 ,JUN Di3charge standpip" Larva 1 table Post yolk-sac larvae I 10.5 2 full 2~,896±7,561 15±4 1111 

Discharge standpipe Manual nets 22 daY3 13.6 16t5 113 
Discharge diffuser I."rval table 10,2 14±~ 17 

E 115 E 104 221 
19 JUII Discharge standpipe Larval t.able Post yolk-sac larvae/ 12.5 2 full 115,41111± 13,283 3219 73 

Uischar'ge standptpe Manual nets 21 days 12.7 29!8 71 
Discharge diffuser Larval t.able 10.0 2517 9 

E 86 E 153 178 

20 JUN Discharg" standpipe l.arval table Post yolk-sac larvae/ 11.8 2 full 76. 129±26 ,2611 50t17 1~9 

Discharge standpjpe Manuell nets 22 days 11.2 115±15 152 
Discharge diffuser Larval table 9.2 39±13 29 

E 134 E 330 2116 

22 JUN Discharge st.andplpe Lal'val tahle Post yolk-sac larvael 11.5 2 full 45,668±5,852 29!11 1111 

Djsch~rge standpipe Manual net.s 23 days 10:1 26±3 115 
Dis()harge dl ffuse.' Larval table 11.2 29ill 19 

E 84 E 108 129 

25 JUN Discharge standplp" Larval table Post yolk-sac larvae/ 10.9 2 full 19,119:!:5,638 12±3 30 
Discharge standpipe Manual net.s 31 d<lYs 10.8 11!3 35 
Discharge diffuser Larval table 11.2 12±4 6 

E 35 E 71 203 



TABLE 6-33 EXPECTED AND ACTUAL NUMBER OF HATCHERY-REARED STRIPED 
BASS RECOVERD FROM THE DISCHARGE STANDPIPE (BOTH 
LARVAL TABLE AND MANUAL NETS) AND DISCHARGE DIFFUSER 
AT THE BOWLINE POINT PLANT FOLLOWING RELEASE OF AN 
ESTIMATED POPULATION AT THE ]~TAKE, 1979 

Percent of 
No. Expected No. Observed Expected No. 

~ 
Standpipe larval table 140 47 34 
Standpipe manual nets 46 21 46 
Diffuser larval table ...§2 27 ~ 

Total 271 95 35 

Yolk-sac larvae 
Standpipe larval table 139 101 73 
Standpipe manual nets 139 76 55 
Diffuser larval table 131 49 ..1l 
Total 409 226 55 

Post xolk-sac larvae 
Standpipe larval table 297 525 177 
Standpipe manual nets 199 468 235 
Diffuser larval table 194 1.23 -&l 
Total 690 1 , 116 162 



within the standard 15-minute sample interval (Figure 6-40). Eleven tests 
were conducted to evaluate recovery using the manual net at the discharge 
standpipe (Appendix Figures R-1 through R-5). Nearly one-half (49.9 percent) 
of the total number were recovered from 8 to 10 minutes after release 
(Figure 6-40). This period of peak recovery occurred from 2 to 4 minutes 
after the estimated transit time, based on plant specifications (Figures 
R-1 through R-5) and may be a result of larvae resisting the flow at the 
intake and not entering the cooling system immediately following release. 
In addition the release of all larvae from the release tank generally took 
approximately 2 to 3 minutes. 

The percent of the expected number of striped bass eggs recovered (Table 
6-33) did not vary greatly. A slightly higher percent of eggs (46 versus 34) 
were collected with the manual net versus the larval tables at the standpipe. 
The diffuser larval table collections (Table 6-33) always yielded the lowest 
percent of expected numbers collected. This lower value for the diffuser 
may occur if water discharge was non-uniformly distributed among the eight 
discharge ports. That is, if the discharge volume decreases along the 
length of the diffuser the volume and number of larvae exiting the number 6 
diffuser port may be lower than expected. The percent of expected numbers 
collected increased with the age ( life stage) of the organisms (Table 6-33). 

The extremely large variation in recovery efficiency estimates makes statisti
cal analyses and interpretation of these data difficult. That is, real dif
ferences in recovery efficiency, which may exist between life stages or gear, 
are masked by variations inherent in the sampling methods and procedures. 
Thus, any mathematical attempt to relate recovery efficiency to some other 
variable would probably explain only a small amount of the total variation. 

The high variability in recovery efficiency may be caused by the interaction 
between nonuniform distribution of organisms and the volume of water sam
pled. If organisms are distributed uniformly within the effluent water each 
sample will collect organisms in direct proportion to the volume strained. 
However, if organisms are randomly distributed, variation will occur in 
sample densities. If samples are small (i. e., the expected number of 
organisms to be captured is small based on the true mean density and the 
volume sampled), variation in density estimates will be high. If organisms 
are patchily distributed, however, as is often the case for ichthyoplankton, 
then small samples, which have small expected numbers of recaptures, will 
be even more variable and frequently result in an underestimate of the true 
mean density. 

Although a great deal of mixing occurs after water passes through the condens
ers, it is unlikely that it would be sufficient to randomize the distribu
tions of organisms that were extremely patchy upon entering the intake. 
Mixing, however, is probably sufficient to eliminate stratification, i.e., 
systematic nonrandomness, thus providing unbiased sampling at any point within 
the discharge pipe if samples are large enough to effectively average densi
ties over dense and sparse patches. Consequently, large samples, i.e., those 
which have high expected numbers of recoveries, will have relatively less 
variation than small samples which have small expected values. 

Another potential source of variation which has not been examined is the 
dispersion dynamics of larvae released at the intake. Although larvae were 

6-111 



"0 
CIl ... 
CIl 
::> 
0 
u 
CIl 

a:: ... 
CIl 

.0 
E 
:l 
Z 
co .... 
0 r-

..... 
0 .... 
c 
CIl 
u ... 
CIl a.. 

30 

25 

20 

15 

10 

5 

49.9 

5 

Expected Transit Time 5.9 min.: Plant Specs. 

10 15 

Time (Minutes) 

20 

Figure 6-40. Recovery of hatchery-reared striped bass (,eggs and larvae combined) 
collected by 2·minute intervals at the discharge standpipe 
(with manual nets) of the Bowline Point pilant, 1979. 

I 
25 

I 
30 



- -- - -----------------------------

released near the traveling screen, it is possible that they may remain 
within the intake structure for an extended period or escap from the intake 
prior to entrainment. Thus the expected numbers would be overestimated if 
based on the total population released. 

To obtain precise estimates of recovery efficiency, inherent variability of 
the sampling methods and procedures must be reduced as much as possible. 
Large numbers of hatchery-reared organisms should be used so that expected 
numbers of recoveries are as large as possible. As a further step toward 
high expected recoveries, only high volume sampling gear should be used. Of 
course, the expected number recovered is based upon the estimated number 
released. The wide standard errors associated with the population estimates 
indicate the difficulty in obtaining accurate and/or precise population 
estimates. Difficulty was encountered in obtaining a homogeneous mixture 
of organisms in the holding tank; however, the primary objective was to 
evaluate survival rather than estimate number released. 

6.3.3.2.8 Comparison of Hatchery and Wild Striped Bass 

Initial and extended (24-hour) survival of hatchery-reared and wild striped 
bass differed by. life stage, sampling station, and sampling gear (Table 6-34). 
No wild striped bass eggs were collected during 1979. There were 43 wild 
yolk-sac larvae collected, however, the uneven distribution among intake (13) 
and discharge (30) stations preclude statistical comparisons with hatchery
reared released striped bass. Two hundred and thirty-two wild striped bass 
post YOlk-sac larvae were collected, which was sufficient to allow statis
tical comparisons with 1,463 hatchery-reared post yolk-sac larvae. 

The overall tests of independence for post YOlk-sac larvae among station 
(intake pump, intake pumpless, discharge pump, and diffuser pumpless), origin 
(hatchery-reared versus wild), and survival were highly significant, with 10 
degrees of freedom (Table N-10). Both initial and extended survival were 
dependent upon the origin of the organisms collected. Wild striped bass 
post yolk-sac larvae survived at the intake pumped larval table better than 
hatchery reared post yolk-sac larvae for both initial and latent (24-hour) 
observations, but for the other three collection stations at both observa
tions, the survival was better for hatchery-reared organisms (Table 6-34). 

Extended (24-hour) survival did not differ significantly among the four 
stations, however, initial survival did differ. The station by survival 
G value (107.62) for initial survival was partitioned into the two intake 
and two discharge stations and then compared by intake versus discharge. 
Differences in survival were found between the pumped and pumpless collections 
at the intake, but not at the discharge. The intake and discharge survival 
comparison was significant (Table N-10) with the discharge stations always 
having lower initial survival than the intake collections (Table 6-34). 
Although wild post yolk-sac larvae collected at the discharge stations 
exhibited lower survival than they did at the intake stations, this trend 
was reversed for hatchery-reared striped bass. This crossover in survival 
between stations results in no significant extended survival differences, 
but contributed greatly to the significant three-factor (station x origin 
x survival) interaction. No significant three-interaction (Table N-10) 
was noted for initial survival. 
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TABLE 6-34 COMPARISON OF WILD AND HATCHERY-REARED STRIPED BASS COLLECTED AT THE BOWLINE POINT PLANT 
DURING 1979 

Wild Hatcherl-Reared 
ProEortion Survivin8 Proportion 

Number Number Survivin8 
Life Sta~ Station Collected Initial 24 Hour(a) Collected Initial 24 Hour 

Eggs Intake-pump 0 146 0.733 0.822 
Intake-pumpless 0 159 0.950 0.960 
Discharge-pump 0 44 0.341 0.600 
Diffuser-pumpless 0 27 0.778 1.000 

Yolk-sac Intake-pump 6 0.833 1.000 193 0.316 0.557 
larvae Intake-pumpless 7 1.000 0.857 212 0.179 0.737 

Discharge-pump 19 0.632 0.833 100 0.320 0.750 
Diffuser-pumpless 11 0.636 0.571 45 0.289 0.769 

Post yolk- Intake-pump 31 0.710 0.864 418 0.596 0.843 
sac larvae Intake-pumpless 46 0.630 0.793 389 0.830 0.858 

Discharge-pump 104 0.413 0.605 534 0.556 0.896 
Diffuser-pumpless 51 0.353 0.333 122 0.533 0.892 

(a) Normalized. 



Survival of hatchery-reared striped bass generally increased with the 
increase in length of the larvae. This pattern was not generally observed 
for wild larvae, however, over two-thirds (115 of 254) of the wild larvae 
fell within one length group (6.0-8.9 mm). With limited sample sizes out
side of this one length group and extended over four sampling stations, 
comparisons of hatchery-reared and wild organisms would be invalid. 

6.3.3.2.9 Summary of Direct Release Studies 

Initial survival of hatchery-reared striped bass varied by life stage, sam
pling station, and sampling gear. Yolk-sac larvae exhibited the lowest sur
vival followed by post yolk-sac larvae and eggs. Significantly (a = 0.05) 
higher survival occurred at the intake than discharge station and pumpless 
versus pumped collection methods for eggs. No significant difference in sur
vival was noted between the intake and discharge stations but the pumped 
larval table demonstrated higher survival of yolk-sac larvae. Post yolk-sac 
larvae survival was higher at the intake than discharge station. 

Extended survival of hatchery-reared striped bass varied by life stage and 
sometimes by collection gear, but not by sampling station. Extended survival 
estimates for eggs were highly dependent upon the collection gear, with sig
nificantly higher survival observed with the pumpless plankton flume. No sig
nificant differences in 24-hour survival of YOlk-sac larvae or post YOlk-sac 
larvae were observed between intake and discharge samples collected with 
either the pumped or pumpless sampling gear. Long-term (14-day) latent 
effect studies demonstrated that any effects of entrainment and sampling 
would be detectable before 96 hours. 

Mechanical stresses associated with pump mode (whether the circulator pumps 
were operated at full or throttled capacity) were unable to be evaluated 
during the 1919 direct release studies since two circulator pumps were always 
run at full capacity during the fourteen sampling dates. Entrainment-related 
thermal effects were also difficult to evaluate since the Bowline Point plant 
generated electricity on only three of the fourteen sampling dates. The maxi
mum temperature recorded at either of the discharge stations while electricity 
was being generated was 27.0 C, well below the lowest temperature (30 C) 
where any thermal effects are manifest (EA 1979b) for striped bass post yolk
sac larvae. It is assumed, however, that all decreases in survival that are 
not sampling-related will be mechanical when temperatures are less than 30 C. 

Significant differences (a = 0.05) in initial and extended (24-hour) survival 
were detected among examined length groups that were collected with the 
pumped and pumpless collection gear. Generally, the larger the hatchery
reared striped bass larvae, the greater the proportion surviving. 

Entrainment survival (Se) of hatchery-reared striped bass YOlk-sac larvae 
was 100 percent at both the discharge and diffuser station, initially and 24 
hours following entrainment. Post yolk-sac larvae entrainment survival 
estimates generally increased with the size of the larvae. Entrainment 
survival estimates for post yolk-sac larvae collected at the discharge 
standpipe were consistently higher across all length groups than estimates 
for organisms collected at the discharge diffuser. 
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Recovery of marked hatchery-reared striped bass at the discharge indicated 
that over 95 percent of the eggs and larvae released at the intake pass the 
discharge within the standard 15-minute sample interval. Recovery of eggs 
ranged from 20 to 52 percent (mean of 35), yolk-sac larvae from 44 to 71 per
cent (mean of 55), and post YOlk-sac larvae from 91 to 246 percent (mean of 
162) • 

Both initial and 24-hour survival differed between hatchery-reared and wild 
striped bass post yolk-sac larvae. In general, hatchery-reared post yolk-sac 
larvae had slightly better survival than wild fish. 

Unequal and unevenly distributed sample sizes among life stages, length 
groups, and sampling stations make statistical comparisons between hatchery
reared and wild striped bass difficult. 

6.4 OVERVIEW OF ENTRAINMENT SURVIVAL AT THE BOWLINE POINT PLANT--1975 TO 1979 

6.4.1 Introduction 

In this section, yearly survival data collected with pumped larval tables at 
the Bowline Point plant from 1975 through 1979 are analyzed as a single data 
base to identify the most significant factors influencing the survival of 
entrained ichthyoplankton. The small sample si:~es and apparent inconsistency 
among entrainment survival estimates (Se) for individual years (Table 6-35) 
make it difficult to assess the sources of entrainment mortality, the pre
dicted impact, and impact mitigation measures. By consolidating the five 
annual data bases, increased sample sizes are obtained and a stepwise evalu
ation of the factors influencing entrainment sur-vi val has been made. With 
this approach the variability has been partitioned using combinations of 
biological and plant operational factors which may be important for predic
tive impact assessment. 

This analysis of entrainment survival followed four steps. 

1. Annual data bases were examined to identify population and sampling 
differences which may have caused inter-·year variation and thus 
precluded pooling of data across years. 

2. Survival curves were examined for potential latent effects which may 
have reduced survival during the 96 hours following entrainment. 

3. The effect of plant operational factors (e.g., pumping mode and dis
charge temperature) on survival were evaluated at the appropriate 
time interval to account for both initial and possible latent effects. 

4. Entrainment survival (Se) estimates were calculated using intake and 
discharge survival data partitioned among the primary population and 
plant operational characteristics that influenced survival. 

6.4.2 Methods 

In the past five years of study at the Bowline Point plant, length was found 
to be an important factor in entrainment survival of fishes, with higher 
survival nearly always being observed for the larger organisms. The annual 
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TABLE 6-35 INITIAL ENTRAINMENT SURVIVAL OF MECHANICAL ENTRAINMENT STRESS(a) AT THE 
BOWLINE POINT PLANT, 1915-1919 

1915 1916 1911 1918 

NI ND 
Se 

Nr ND 
Se 

Nr ND 
Se 

Nr ND 
Se 

Nr Species Life Stage (% ) (%) (%) (%) 

Striped Yolk-sac larvae 2 10 1 1 1 55 80 100 6 
bass Post yolk-sac 

larvae 136 105 91 118 146 71 228 358 91 591 319 100 31 
Juvenile 13 35 97 12 70 90 2 19 

White Yolk-sac larvae 21 10 __ (b) 7 
perch Post yolk-sac 

larvae 125 153 100 55 23 100 26 23 62 190 245 52 136 
Juvenile 7 6 11 3 1 

Clupeids Yolk-sac larvae 0 1 
Post yolk-sac 

larvae 24 16 100 46 58 80 37 18 51 53 215 100 
Juvenile 

Atlantic Yolk-sac larvae 280 143 100 372 499 84 3 9 
tomcod Post yolk-sac 

(a) 

(b) 

(c) 

larvae 54 11 54 8 1 49 54 
Juvenile 8 0 

Observed survival is presented for organisms captured at discharge temperatures less than 20.0 C 
for Atlantic tomcod, 33.0 C for Morone juveniles, and 30.0 C for all other species/life stages. 
No yolk-sac white perch were collected alive at the discharge and only one alive at the intake; 
therefore no Se was calculated. 
Survival estimate based on unadjusted discharge survival; Se was not calculated (PsD/PsI) when 
less than 10 organisms were collected at either station. 

Note: NI = number collected at intake 
ND = number collected at discharge 

Se(%) = entrainment survival 
NS = no sampling 

45 

NS 

NS 

1979 

ND 
Se 
(%) 

17 10(c) 

101 60 

13 8(c) 

106 43 

52 58 



length distribution of the most abundant species were examined because dif
ferences in the rate of increase in spring river temperatures (discussed 
with regard to life stage abundance in entrainm~~nt abundance samples--Section 
6.2.3.3) can influence larval growth rates. Additionally, differences in 
time and duration among the sampling seasons may influence the proportion 
of various length groups in the survival samples. A test of independence 
using contingency analysis was therefore used to assess the interactions 
between survival and year as might be affected by length distribution dif
ferences. The results of these analyses were used as a guideline for the 
consolidation of the annual data bases. 

The effects of entrainment may be manifested as initial mortality or as behav
ioral, physiological, or morphological responses to stress which mayor may 
not result in latent mortality subsequent to ent.rainment. It is therefore 
necessary to determine when estimates of survival will account for the full 
mortality-associated effects of entrainment. To differentiate the combined 
latent effects of collection, handling, and holding stresses from those 
related to entrainment, the intake and discharge survival curves for those 
organisms surviving initially are compared. Typically, the survival curves 
decline sharply during the first 12 hours following entrainment and then 
level off after 24 hours. The rate of decline between 24 and 96 hours was 
examined for the intake and discharge stations using contingency analyses 
to determine if the survival rates for the two stations were similar. Lack 
of a significant difference between these rates indicates that no latent 
entrainment mortality occurs after 24 hours. A determination of whether 
differences between the stations which may occur by 24 hours (the break 
point of the survival curves) are significant will then indicate if a latent 
entrainment effect is manifest during the first 24 hours following entrainment. 
Where no significant differences are observed no latent effects were apparent; 
therefore, initial survival reflects the full mortality due to entrainment. 
If significant differences occur at or subsequent to 24 hours an observation 
period is selected which will account for latent effects in the entrainment 
survival estimate. 

The two primary causes of entrainment mortality are thermal and mechanical 
stress. Controlled laboratory estimates of thermal mortality and field 
estimates of mechanical mortality can be combined in predictive models to 
estimate the overall effect of entrainment on survival of the most abundant 
ichthyoplankton taxa. In the following sections, two approaches have been 
used to estimate survival from mechanical stress for entrained striped bass 
and white perch. First, survival data were pooled within length groups based 
on statistical Similarity, life history, and length-frequency information. 
Survival estimates were then made for length groups which approximate the 
life stages historically used for impact assessment at the Bowline Point 
plant. Although certain survival trends are obvious from the life stage 
approach, trends within these life stages and some natural variability among 
1-mm length groups would not be observed with this approach. Since life 
stages tend to be a somewhat arbitrary categorization and length has been 
demonstrated to be a primary factor influencing survival, a second approach 
has been examined to estimate entrainment survival for the continuum of 
lengths within the sampled population. BecausEl the number of organisms col
lected varies widely among 1-mm length intervals a certain amount of "noise" 
can be observed in the relationships among pump mode, length, and survival 
described above. Furthermore, where sample size for a life stage is very 
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small (less than 10 organisms), estimates of entrainment survival have gen
erally not been made because high variance estimates (variance calculations 
for binomial distributions, such as survival data, are primarily dependent 
on sample size) limit the interpretative value and biological significance 
of such estimates. To take advantage of all of the available data (includ
ing small samples), linear regression analysis (Dixon and Brown 1971) was 
used to fit a function to the survival by length data. The number of organ
isms collected at each length was used as a weighting variable to prevent 
small samples from disproportionately influencing the calculated relationship. 
The fitted function was used to predict survival for any length at the intake 
and discharge stations. These predicted values were used to estimate entrain
ment survival. 

Laboratory studies indicate that for white perch and striped bass larvae 
the threshold at which mortality due to thermal exposure begins to occur in 
discharge samples is between 30 and 33 C (30-40 minutes exposure), while a 
rapid decrease in survival can be expected at temperatures in excess of 33 C 
(EA 1978b, 1979b). No thermal-related decrease in survival is expected below 
30 C. Assuming that thermal and mechanical stresses act independently, any 
entrainment-related mortality observed at discharge temperatures less than 
30 C is representative of the mechanical effects of entrainment. Where 
sufficient data are available, survival was compared for organisms collected 
at temperatures below 30 C, between 30 and 33 C, and above 33 C. However, 
since temperature exposure dUrations cannot be controlled during collection, 
as in laboratory studies, these data were not used to make estimates of 
thermal mortality which would occur in passage through the power plant. 

6.4.3 Results and Discussion 

Striped bass and white perch were generally most abundant at those lengths 
(6 to 8 mm) typical of the transition between yolk-sac and post yolk-sac larvae 
(Figures 6-41,6-42, and Appendix 0). However, the abundance of larvae in 
excess of 9 mm varied considerably between years. For example, few striped 
bass larger than 9 mm were collected in 1975 and 1979, while 10-mm and larger 
fish formed a substantial portion of the 1916, 1971, and 1918 sampling 
effort (Figure 6-41). A similar pattern can be observed for white perch 
with a sharp contrast in the length-frequency distributions of 1978-1979 
versus 1915-1971 (Figure 6-42). Atlantic tomcod were primarily collected 
over a very narrow range of lengths from 6 to 8 mm (Figure 6-43). 

Since survival typically increases with length, differences in the relative 
abundance of length groups within a life stage (e.g., early versus late post 
yolk-sac larvae) can result in considerable differences among the annual sur
vival estimates for each life stage. The relationship between length and 
survival for each year is apparent from a graphic examination of the data 
(Figures 6-44 and 6-45) for white perch collected at the intake and discharge 
and striped bass collected at the discharge. Contingency analysis demonstrated 
significant (p < 0.001) two-factor interactions for all combinations of year, 
length, and survival of white perch (Appendix Table R-1). The conclusion to 
be drawn from these graphical and contingency analyses is that, while signif
icant differences in white perch survival occur among years (year x survival 
interaction) most of this annual variability is explained by differences in 
length distribution (significant length x year interaction) in conjunction 
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Figure 6-41. Annual length frequency distributions of striped bass collected during 
entrainment survival studies at the Bowline Point plant, 1975-1979. 
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Figure 6-42. Annual length frequency distributions of white perch collected during 
entrainment survival studies at the Bowline Point plant, 1975-1979. 
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conducted at the Bowline Point plant, 1975-1979. 
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with the relationship between survival and length (significant length x 
survival interaction). 

A similar relationship was observed for striped bass collected at the dis
charge; however, survival of small organisms was higher than for white perch 
and the increase in survival with length was not as rapid as observed for 
white perch (Figure 6-44). This is reflected in the lower G value observed 
for striped bass (Appendix Table P-2) relative to white perch. The atypical 
decrease in survival with length observed for 1979 (Figure 6-44) is an arti
fact of the long-term holding studies conducted in 1979 (see Sections 
6.3.2.1.3, 6.3.3.1.3, and 6.3.3.1.5). Live fish which were held beyond 96 
hours were fed and would consequently be expected to exhibit a higher rate 
of growth than fish held through 96 hours. Higher growth rates and the 
greater elapsed time between entrainment and measurement would result in 
lengths which do not reflect those at the time of entrainment. Therefore, 
no fish held beyond the standard 96 hours were measured. Consequently, these 
unmeasured live fish are excluded from initial survival estimates made by 
length with the result that survival is underestimated. Since larger organ- . 
isms have a higher survival rate it is likely that more large organisms are 
excluded; therefore, the apparent decrease in survival becomes more pro
nounced as size increases. White perch survival was not similarly affected 
in 1979 because few white perch were held past 96 hours (Sections 6.3.3.1.2 
and 6.3.3.1.5). 

Survival of striped bass at the intake exhibited no significant length effect 
(Tabie P-2). Furthermore, for the years 1975 through 1977, no significant 
annual differences in survival were observed although the length distribution 
was significantly different (Table P-2)., Intake survival during 1979 showed 
the same atypical decline with length observed at the discharge as a result 
of the extended holding and measurement procedures and was therefore excluded 
from analyses. In addition, during 1978 survival was consistently lower (by 
10 to 60 percent) over all lengths than in previous years. This appears to 
be a result of an interaction between a high intake suction head and the 
collection pump used; 1978 was the only year during which a 4-in. (10 cm) 
Homelite trash pump was used to collect samples at the intake structure 
walkway (4-5 m above water level). The Homelite pump was used at water 
level in 1977 and 1979 and a Midland Midwhirl 4-in. pump was used on the 
walkway in 1975 and 1976. The potential difference in collection effect 
between these two pumps, operated with a large suction head, is also indi
cated by survival studies conducted at the Rosetonand Danskammer Generating 
Stations (EA 1980a, 1980b) during 1978. Although all other methodology was 
similar, a Homelite pump was used at the Danskammer Point plant intake 
where survival was 27 percent and a Midland pump was used at the Roseton 
plant where survival was 79 percent for post yolk-sac larvae. This differen
tial was particularly apparent for larvae less than 12 mm. 

Based on the length x year x survival analyses, subsequent analyses will be 
made with the data from all years pooled within 1-mm length intervals. 
That is, since statistical and graphical analyses indicate that survival 
increased with length it appears that differences in length distribution 
among years account for much of the observed differences in overall annual 
survival. The years used in the subsequent analyses were as follows: 
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Species 

Striped bass 

White perch 
Atlantic tomcod 

Station 

Intake 
Discharge 
Intake and discharge 
Intake and discharge 

Years 

1975-1977 
1975-1978 
1975-1979 
1976-1978 

It is important to recognize from these results that length, not life stage, 
is the primary factor related to age and sensitivity of larvae to both col
lection and entrainment stresses. This is particularly noteworthy since the 
peak abundance of entrained organisms occurs at length intervals typical of 
transition between yolk-sac and post yolk-sac larvae (Appendix 0) for both 
striped bass and white perch. Furthermore, the primary characteristics 
used in laboratory separation of these life stages is somewhat arbitrary, 
based on the presence or absence of food in the gut, irrelevant of whether 
an organism still possesses a yolk-sac. Since the historical approach to 
entrainment impact analysis has focused on life~ stages, length groups have 
been regrouped for selected analyses to approximate life stages based on 
the life stage length histograms (Appendix 0) and further statistical 
analysis in order to calculate Se. 

Ninety-eight percent of the Atlantic tomcod collected during 1977 and 1978 
were 6 to 8 mm and no consistent trend in survival was observed with length. 
Therefore, all lengths have been pooled for subsequent analyses. Pooling 
across length and year would further permit inclusion of 1976 tomcod survival 
data. No lengths were recorded in 1976, however, over 85 percent of the 
Atlantic tomcod were classified as YOlk-sac larvae indicating that most of 
these larvae were within a length range similar to 1977 and 1978. 

The survival curves for striped bass, white perch, and Atlantic tomcod decline 
sharply during the first 12 hours to approximately 75, 50, and 80 percent 
survival, respectively (Figure 6-46 and Appendix Tables Q-1 to Q-3). After 
12 hours the curves for both intake and discharge stations level out and 
become approxiimately parallel to the horizontal axis. No significant dif
ference (p>0.05) was detected between the mortality rates at the intake and 
discharge (station x survival independence) from 24 to 96 hours for any spe
cies length group except for 5-mm striped bass (Table P-3). These data 
indicate that the intake and discharge curves are parallel; that is, the 
rate of mortality is not greater at the discharge than the intake as might 
be indicated if the curve diverged as converged. Although the curves for 
both white perch and striped bass are parallel, a continued slight decline 
in survival was observed for length groups (observation interval x survival 
interaction) at the yolk-sac to post YOlk-sac transition (Table P-3). This 
rate of decline (5-10 percent), however, is not inconsistent with the nat
ural rate of mortality (14.2-16.4 percent for striped bass during 1977 and 
1978) observed for these length intervals in the Hudson River (TI 1980a). 

At 24 hours, normalized survival was not significantly different between 
intake and discharge for striped bass (Table P-4). On the other hand, the 
differences between stations existing at 24 hou:rs (Figure 6-46) were signifi
cant for white perch (Table P-4). Survival of Atlantic tomcod collected at 
the discharge was slightly higher than at the intake. Therefore, no statisti
cally significant latent entrainment effects oceur throughout the 96 hours 
following entrainment of striped bass and Atlantic tomcod. White perch, 
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however, exhibit a latent entrainment effect which is manifest during the 
first 24 hours following entrainment and estimates of entrainment survival 
based on the number alive at 24 hours and the total number collected will 
account for both the initial and latent sources of mortality. 

Analysis of intake samples indicates that sampling mortality is similar under 
the three circulating pump operating modes characteristic of the Bowline 
Point plant (Table P-5). Contingency analysis demonstrated a non-homogeneous 
length distribution across pump modes for both YThite perch and striped bass, 
reflecting the greater relative abundance of larger fish as flow was increased 
later in the entrainment season. However, SinCE! no significant interactions 
were observed between survival and pump mode, sampling mortality can be 
estimated for each length group by pooling data collected at all pump modes. 
Since sampling mortality is similar for all pump modes, it has been assumed 
that differences in discharge survival which might be observed for the three 
pumping modes at less than 30 C are a result of associated differences in 
the magnitude of various mechanical stresses experienced during entrainment. 

Similar to the intake, the uneven distribution of lengths among the three 
pump modes accounts for much of the difference i.n survival for both striped 
bass and white perch collected at the discharge during different pump modes. 
The interactions between length and pump mode, a.nd length and survival were 
highly significant for both species (Tables p-6 and P-7). The relationship 
between pump mode and survival, however, was not as clear. While initial 

survival during two-pump throttled operation is higher than during two-full 
operation, the difference (particularly for striped bass and white perch 
greater than 10 mm, Figure 6-47) is obscured by 24 hours. In fact, the 
partial and marginal associations in a three-way contingency analysis give 
inconsistent results for white perch (Table p-6) which indicate that the 
interaction between pump mode and survival is of questionable or secondary 
importance (Brown 1976). Furthermore, partitioning the G-statistic for 
striped bass shows that across all lengths initial survival during two-pump 
full operation differs significantly from the other two modes, while at 
24 hours survival for three-pump full operation differs from the combined 
two-pump operation mode (Table P-7). 

While some of the differences in survival among pump modes were found to be 
statistically significant the relationship among pump mode, mechanical 
stress, and survival is not clear. Some of the primary mechanical stresses 
which may result in mortality of entrained fish are rapid decreases in pres
sure (NYU 1975), shear forces (Morgan et ale 1973, 1976), and abrasion. The 
pressure decreases are largest for two-throttled and smallest for two-full 
operation (ORU 1977). However, survival is generally higher for the throttled 
mode which is the opposite of the result expected if pressure is a major fac
tor. Cada et al. (1980) also found that, contrary to their expected hypo
thesis (that reduced pumping efficiency, i.e., throttled mode, would result 
in reduced survival), no clear relationship existed between the effects of 
pump passage at different pumping rates and survival. Cada et ale did, how
ever, find that mortality as a result of condenser passage increased with 
flow, a fact not demonstrated at the Bowline Point plant. Shear forces are 
generally more severe at higher flows (velocities). However, survival of 
all lengths of striped bass at Bowline Point was greatest for three-pump 
full operation (highest flow). Based on the analyses of survival data from 
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the Bowline Point plant, differences which may exist between pump-operating 
modes are not strong or consistent. This may be the result of differences 
in the relative magnitude of the various mechanical stresses among pump modes 
or differential sensitivity of various length groups to these stresses. 

Variability of survival among 1-mm length intervals was evaluated by parti
tioning the G value (Tables P-5 - P-7) and examination of the life stage 
length-frequency histograms (Appendix 0). Statistical partitioning indicates 
that the1-mm length intervals can generally be pooled into three and two 
groups for striped bass and white perch, respectively. While some overlap 
and slight differences occur in these statistically observed intervals between 
intake and discharge or initial and 24-hour data, the length-frequency histo
grams indicate that data pooled over the following generally homogeneous 
length intervals will approximate those entrainable life stages historically 
used in impact analysis: 

Striped bass 
6-8 mm 
9-13 mm 
14+ mm 

White perch 
3-7 mm 
8+ mm 

Yolk-Sac Post Yolk-Sac Juvenile 

0IIII( 

-..:: 

Temperature, length, and pump mode are significant factors in survival of 
entrained striped bass (Figure 6-48). The marginal and partial associations 
for a four-way multidimensional contingency analysis (Brown 1976) have been 
used to evaluate the relative magnitude of the effects of these variables 
on entrainment survival. The preferable hierarchical model to fit the data 
(Table 6-36) includes the full third-order interaction length x pump mode x 
temperature (LPT) plus the second-order factors length x survival (SL) and 
temperature x survival (TS). While the pump mode x survival (PS) interaction 
is significant (Table 6-36) the simpler model (LPT, LS, TS) provides a fit 
with no significant deviation from the full fourth-order model. If the pump 
x survival interaction is substituted for either the length or temperature 
effect (i.e., models LPT, LS, PS, or LPT, PS, TS) the resulting model will 
deviate significantly from the full four-factor model which indicates that 
pump operating mode is of less importance to striped bass entrainment sur
vival than length and temperature. However, the most important interaction 
in describing the variation observed in these data is the unbalanced distribu
tion of organisms by length among temperatures and pump modes (Table 6-37). 
That is, at discharge temperatures of 30.0 C most of the fish collected at 
two- and three-pump full operation were juveniles. Below 30 C most fish 
collected at the predominant two-pump operation were the more sensitive 
YOlk-sac larvae. This distribution occurs because the throttled mode is 
generally used through early spring when ambient temperatures are low; 
as river temperatures increase, the mode is changed to two-pumps full and 
then three-pumps full by mid-summer. Since spawning of white perch and 
striped bass occurs during a relatively short period in the spring, few 
large larvae are found during two-throttled operation. Growth increases 
as ambient temperature increases through early summer; therefore, few small 
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TABLE 6-36 RESULTS OF MULTIDIMENSIONAL CONTINGENCY ANALYSIS FOR INDEPENDENCE 
AMONG LENGTH, PUMP MODE, TEMPERATURE, AND SURVIVAL OF STRIPED 
BASS COLLECTED AT THE BOWLINE POINT PLANT DISCHARGE USED TO 
EVALUATE THE RELATIVE MAGNITUDE OF THE EFFECTS OF THE FOUR 
FACTORS AND THEIR INTERACTIONS 

Marginal Partial 
df Association Association 

Length x survival (LS) 2 58.51*** 67.83*** 
Pump mode x survival CPS) 2 10.76** 13 .13** 
Temperature x survival (TS) 2 45.53*** 46.43*** 
Length x temperature (LT) 4 324.77*** 258.73*** 
Length x pump mode (LP) 4 153.74*** 89.17*** 
Temperature x pump mode (TP) 4 103.58*** 30.59*** 
Length x pump mode x survival (LPS) 4 9.77* 5.86 
Length x temperature x survival (LTS) 4 4.27 5.83 
Temperature x pump mode x survival (TPS) 4 6.67 2.13 
Length x pump mode x temperature (LPT) 8 29.65*** 29.43*** 
Length x pump mode x temperature x 

survival (LPTS) 8 3.13 3.13 

Effect 
Selected Model Added x df Probabilit:t: 

LP, LT, PT, S 170.98(a) 34 <0.001 
LPT,X 141 .34 26 <0.001 

ALPT 29.64(b) 8 <0.001 
LPT, LS 82.82 24 <0.001 

ALC 58.52 2 <0.001 
LPT, LS, PS 65.95 22 <0.001 

ACP 16.87 2 <0.001 
LPT, LPS 56.18 18 <0.001 

ALpC 9.77 4 <0.05 
LPT, LS, TS 32.64 22 0.067 

ACT 33.31 2 <0.001 
LPT, LS, TS, PS 19.53 20 0.488 

ACP 13.11 2 <0.01 
LPT, LPS, TS 10.71 16 0.827 

ACT 45.47 2 <0.001 

(a) Test-of-fit for selected model to data in full fourth-order model. 
(b) Reduction in X2 which results from added effect CA.). 

Note: * denotes 0.05>p>0.01 
** denotes 0.01~p>0.001 

*** denotes 0<0.001 



TABLE 6-37 DISTRIBUTION OF ORGANISMS USED IN MULTIDIMENSIONAL CONTINGENCY 
ANALYSIS OF INDEPENDENCE AMONG LENGTH, PUMP MODE, TEMPERATURE, 
AND SURVIVAL OF STRIPED BASS COLLECTED AT THE BOWLINE POINT 
PLANT DISCHARGE, 1975-1978 

Temperature Length (mm) 
(C) Pump Mode Condition 4-8 9-13 14+ 

<30 2 Throttled Live 159 68 19 
Dead 84 17 4 

2 Full Live 219 160 70 
Dead 211 65 17 

3 Full Live 19 27 12 
Dead 6 12 2 

30-32.9 2 Throttled Live 8 8 8 
Dead 7 

2 Full Live 3 14 56 
Dead 1 7 6 

3 Full Live 0 0 40 
Dead 0 9 

~33 2 Throttled Live 0 0 0 
Dead 1 0 

2 Full Live 2 2 12 
Dead 13 13 6 

3 Full Live 0 0 7 
Dead 0 2 10 



- - ----------------------------------------

larvae are found when three-pump operation begins. Few white perch or 
Atlantic tomcod were collected above their lethal thresholds (30 C and 18 C, 
respectively); therefore, no additional evaluation of thermal effects could 
be performed for those species. 

Estimates of entrainment survival (the ratio of discharge to intake survival, 
Se) by life stage typically exceed 80 percent for striped bass and 49 percent 
for white perch (Table 6-38). Generally no significant (p > 0.05) differences 
were found between initial and 24-hour Se values which supports the previous 
conclusion based on analysis of the survival curves that no latent entrainment 
mortality occurs for striped bass. Furthermore, differences in entrainment 
survival among pump modes were not significant for post yolk-sac larvae (89-
100 percent) and juveniles (88-94 percent), while survival for yolk-sac larvae 
collected at two-pumps full (66 percent) was significantly (0.05 > p > 0.01) 
less than at the two-throttled and three-pumps full modes (83-96 percent). 
Latent effects analysis indicated that for white perch the Se values estimated 
from 24-hour data were most appropriate to account for latent entrainment mor
tality. The 24-hourSe values were approximately 25 percent less than ini
tial estimates (Table 6-38). Similar to striped bass, entrainment survival 
exhibited no significant differences between pump modes for post yolk-sac 
larvae and juveniles (73 to 78 percent). 

Entrainment survival for Atlantic tomcod was 93.2 percent. The majority of 
the tomcod were collected as yolk-sac and post yolk-sac larvae between 6 and 
8 mm under the two-pumps throttled mode. 

The above entrainment survival estimates are useful for entrainment impact 
analysis; however, considering the Significant effect of length on survival, 
a procedure which provides estimates based on length may be more applicable 
as input to predictive impact models in conjunction with other population 
parameters [e.g., natural mortality estimates (TI 1980a)] which are available 
by length. For both striped bass and white perch, linear regressions of sur
vival on length for the intake and discharge station were highly significant 
(p < 0.01) with r2 values that generally exceed 0.600 (Table 6-39). As 
observed previously, differences in survival between pump modes are small and 
the regression for both two-pump operating modes combined provides good fit 
of the data (F was significant at p < 0.001). 

The Se curve predicted from the fitted linear functions for intake and dis
charge clearly reflect the effect of length on survival and the latent effect 
of entrainment on survival of white perch. The curves for initial and 24 
hours differ by 18-31 percent for white perch (figure 6-49), but by only 2 to 
9 percent for striped bass. Striped bass showed a linear increase in survival 
from 60 to 100 percent survival for larvae from 4 to 14 mID. Twenty-four hour 
survival of white perch, on the other hand, increased sharply from 0 percent 
for 3-mm larvae to approximately 60 percent at 7 mm; survival continued to 
increase more gradually to 80 percent for 15-mm fish. 

The life stage Se values (Table 6-38) generally provide an average survival 
estimate for the length interval which will underestimate survival for the 
larger organisms in that interval. The Se values for striped bass YOlk-sac 
and post YOlk-sac larvae (Table 6-38) are higher than the estimate for the 
midpoint of the appropriate length intervals on the Se/length curve (Figure 
6-49). However, the life stage estimates are less than the predicted values 
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TABLE 6-38 MECHANICAL ENTRAINMENT SURVIVAL ESTIMATES(a) (Se) FOR STRIPED BASS, WHITE PERCH, 
AND ATLANTIC TOMCOD COLLECTED AT THE BOWLINE POINT PLANT 

Entrainment Survival (Se%) 

Initial 24 Hours (b) 

Species Pum~ Mode YSL(c) PYS JUV YSL PYS JUV 

Striped bass 2T 82.5± 4.5 100.0± 7.6 90.1 ± 9.9 66.9± 6.8 97.2± 9.5 85.4±10.1 
2F 65.8± 3.6 91.3± 6.1 87.8± 6.0 58.9± 5.3 16.0± 6.8 82.8± 6.2 
3F 95.9±11.1 88 .9±10.6 93.5±11.0 100 .0±18. 1 95 .0±12. 3 85 .1±12.5 
Combined 81.4±4.1 94.3± 4.8* 90.5± 5.2* 88.3± 6.8 89.4± 5.6 84.6± 5.1 

White perch 2T 100.0±20.9 100.0± 6.4 (d) 11.8±28.4 18 .2±10. 1 (d) 
2F 49.8± 6.1 13.4± 8.5 (d) 26.2± 6.4 13.1±12.4 (d) 
3F --(e) 
Combined 18.0±10.8 88.9± 5.3 (d) 49.0±14.5* 75.7± 8.0* (d) 

Atlantic tomcod Combined (f) 93.2± 2.1* ( f) (f) 100.0± 3.9 (f) 

(a) Includes striped bass and white perch collected below 30.0 C and Atlantic tomcod collected below iB.O c. 
(b) Based on 24-hour non-normalized data; includes initial and latent (if observed) effects. 
(c) YSL = yolk-sac larvae through transition (4-8 mm for striped bass and 3-1 mm for white perch). 

PYS = post YOlk-sac larvae (9-13 mm for striped bass and 8+ mm to include juveniles for white perch). 
JUV = juvenile and late post yolk-sac larvae (14+ mm for striped bass). 

(d) JUV estimate is the same as PYS estimate for white perch. 
(e) No estimate because less than 10 organisms collected at either intake, discharge, or both stations. 
(f) No length effect observed for Atlantic tomcod; majority of organisms collected as YSL and PYS between 

6 and 8 mm. 

Note: * denotes best estimate of entrainment survival for species and life stage. 



TABLE 6-39 SUMMARY OF REGRESSION ANALYSES USED TO FIT FUNCTIONS TO LENGTH-SURVIVAL DATA FOR STRIPED 
BASS AND WHITE PERCH COLLECTED AT THE BOWLINE POINT PLANT INTAKE AND DISCHARGE 

Species Time Mode R 

Striped bass Initial I 0.2104 
« 30.0 C) 2F 0.9097 

2T 0.7500 
2F + 2T 0.7772 

24-hr. I 0.9132 
2F 0.9686 
2T 0.8648 
2F + 2T 0.9021 

White perch Initial I 0.8741 
« 30.0 C) 2F 0.9653 

2T 0.8187 
2F + 2T 0.9370 

24-hr. I 0.9665 
2F 0.8811 
2T 0.7518 
2F + 2T 0.9056 

Note: R = correlation coefficient 
R2 = coefficient of determination 
df = degrees of freedom 

F = F-statistic 
p = probability 
a = y intercept 
b = regression coefficient 

R2 

0.0442 
0.8275 
0.5625 
0.6040 
0.8340 
0.9382 
0.7478 
0.8138 

0.7640 
0.9319 
0.6702 
0.8780 
0.9341 
0.7763 
0.5652 
0.8201 

df F P a 

1, 8 0.370 0.56 0.769 
1, 10 47.971 <0.001 0.269 
1, 8 10.285 0.012 0.471 
1, 20 30.502 <0.001 0.345 
1, 11 55.257 <0.001 0.239 
1, 10 151.896 <0.001 -0.048 
1, 8 23.722 0.001 0.039 
1, 20 87.419 <0.001 0.008 

1, 10 32.372 <0.001 0.075 
1, 8 109.452 <0.001 -0.123 
1, 10 20.323 0.001 0.078 
1, 20 143.984 <0.001 -0.155 
1, 11 155.907 <0.001 -0.095 
1, 8 27.764 0.001 -0.195 
1, 8 10.400 0.012 -0.077 
1, 18 82.063 <0.001 -0.197 

b --
0.004 
0.038 
0.028 
0.033 
0.042 
0.053 
0.054 
0.052, 

0.063 
0.969 
0.062 
0.079 
0.059 
0.054 
0.045 
0.055 
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for larvae and juveniles greater than 13 mm, and it is these larger organisms 
which are relatively more important to overall year-class strength. The life 
stage estimates for white perch do not reflect the sharp increase in survival 
observed for 3- to 7-mm fish on the predictive curve. Also, while the mid
point of the curve for 8- to 15-larvae is approximately the same as the Se 
for post yolk-sac and juvenile white perch (75.7 percent, Table 6-38), the 
life stage estimate is less than the curve for larvae greater than 11 mm 
(Figure 6 -49) • 

The results of the preceding analysis of entrainment survival data collected 
between 1975 and 1979 at the Bowline Point plant can be summarized as follows: 
Initial survival was found to be indicative of the total effect of entrainment 
for striped bass. The sensitivity of striped bass to entrainment stress 
decreased as length increased, such that survival of mechanical stresses 
(entrainment at discharge temperatures less than 30.0 C) exceeded 90 percent 
for those length groups which are most critical to year-class strength (late 
post YOlk-sac and older--greater than 11 mm). The mode of circulator pump 
operation had some effect on survival for smaller larvae (less than 8 mm). 
While survival at two-pumps throttled was significantly greater than at two
pumps full for these smaller larvae, the differences between the two modes 
were not significant for larger larvae. 

In contrast to striped bass, the full effect of entrainment on white perch is 
best estimated using the 24-hour data. The effect of length on survival was 
more pronounced for white perch than for striped bass. Again, differences in 
survival for the mechanical effects of two-pumps full versus two-pumps 
throttled operating mode were apparent only for larvae less than 8 mm. 

No consistent decrease in mortality as a result of thermal exposure was 
observed for striped bass or white perch collected between 30 and 33 C. 
However, sharp decreases in survival did occur above 33 C in the range of 
the laboratory predicted median thermal tolerance limit (TL50--the tempera
ture at which 50 percent of the organisms are expected to survive). Similar 
to the response of larvae to mechanical stresses observed in these field 
studies, laboratory studies have shown an increase with length in the 
resistance of larvae to thermal stress (Cada et ale 1980, EA 1 978b, 1979b). 
This fact is important for an evaluation of entrainment impact at the Bow
line Point plant since few larvae are collected near or above 33 C and most 
of those organisms are in the larger length intervals (i.e., late post yolk
sac larvae and juveniles). That is, the susceptibility of entrained striped 
bass and white perch to thermally-induced mortality is negligible. 

Few Atlantic tomcod were collected above their incipient lethal temperatures 
and survival of mechanical stresses during entrainment exceeded 93 percent. 
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APPENDIX A 

PHYSICOCHEMICAL DATA 
BOWLINE POINT PLANT INTAKE, 1979 



TABLE A-1 DAILY WATER TEMPERATURE, CONDUCTIVITY, DISSOLVED OXYGEN, 
AND pH MEASURED AT THE BOWLINE POINT PLANT INTAKE, 1979 

Temp. DO 
Date (C) Condo (mg/R.) pH 

3 JAN 3.4 1,660 5.4 8.2 
5 JAN 1.3 180 5.3 8.4 
8 JAN 2.0 60 6.7 8.1 

12 JAN 1.0 140 7.0 
16 JAN -0.1 40 9.0 8.3 
19 JAN -0.7 30 9.4 7.8 
22 JAN -0.6 88 9.0 7.7 
26 JAN -0.3 42 10.1 7.7 
30 JAN 0.0 140 8.0 

1 FEB 2.0 130 12.7 8.0 
7 FEB 1.0 120 13.3 8.0 
9 FEB 1.0 650 13.4 8.0 

13 FEB 0.5 1,700 12.6 8.0 
16 FEB 0.0 1,800 12.4 8.0 
20 FEB 1.0 1,300 12.5 8.0 
23 FEB 2.0 2,300 12.0 8.0 

2 MAR 2.0 250 11 .6 8.0 
5 MAR 2.0 160 12.2 8.0 
6 MAR 1 .0 . 125 13 .1 7.3 
7 MAR 2.0 130 13.0 8.0 
8 MAR 3.0 103 11.6 7.2 
9 MAR 2.0 120 12.8 6.0 

12 MAR 2.0 100 12.5 6.0 
13 MAR 0.4 90 12.7 7.1 
14 MAR 1 .5 91 12.0 7.2 
15 MAR 1.3 88 11.9 7.2 
16 MAR 0.6 84 11.6 7.3 
19 MAR 1.8 87 11.4 7.6 
20 MAR 0.8 86 11.8 7.6 
21 MAR 3.4 89 12.2 7.2 
22 MAR 3.9 165 10.4 7.3 
23 MAR 4.0 .279 10.8 7.3 
26 MAR 4.9 211 10.4 7.5 
27 MAR 3.9 119 10.5 7.3 
28 MAR 3.6 105 10.8 7.4 
29 MAR 4.5 110 10.2 7.2 
30 MAR 5.1 112 10.4 7.2 
3 APR 7.3 121 9.1 7.4 

12 APR 6.2 479 9.4 7.7 
13 APR 6.5 296 9.9 7.4 
17 APR 7.0 111 9.3 7.9 
19 APR 7.0 101 9.4 7.9 
23 APR 9.0 106 9.6 7.9 

Note: Dashes (--) indicate no data available. 



TABLE A-1 (CONT.) 

Temp. DO 
Date ( C) Condo (mg/.t) pH 

27 APR 10.5 114 8.8 7.7 
2 MAY 11.4 126 8.4 7.4 
3 MAY 11.7 127 8.1 7.5 
4 MAY 12.0 132 8.5 7.8 
7 MAY 13.3 137 8.8 8.0 

17 MAY 18.1 920 7.6 7.6 
21 MAY 17 .6 639 7.3 7.3 
24 MAY 17.7 1 , 151 6.4 7.3 
29 MAY 18.0 426 7.1 7.8 
31 MAY 18.7 202 6.9 7.2 
4 JUN 19.8 140 7.3 7.4 
7 JUN 21.3 1,850 7.8 7.5 

11 JUN 18.0 3,400 7.0 
12 JUN 20.5 3,850 6.5 7.3 
13 JUN 20.3 3,000 6.8 7.6 
14 JUN 20.7 2,200 7.3 7.3 
15 JUN 21.1 1,730 7.0 7.3 
16 JUN 21.8 1,440 7.3 
18 JUN 22.8 1,250 7.0 7.9 
19 JUN 22.8 890 7.0 7.4 
20 JUN 22.9 1 ,130 6.8 7.4 
21 JUN 23.5 1,160 7.0 7.6 
22 JUN 23.2 1,870 6.8 7.3 
25 JUN 21.8 1,870 6.9 7.9 
26 JUN 21.8 2,140 7.3 7.5 
27 JUN 22.1 2,610 7 • 1 7.5 
28 JUN 22.3 2,560 7.1 7.5 
29 JUN 22.6 2,350 7.4 7.3 
30 JUN 23.6 2,380 8.2 7.7 

1 JUL 23.6 2,620 7.3 7.5 
2 JUL 23.2 2,760 6.8 7.4 
3 JUL 23.4 3,060 6.5 7.4 
5 JUL 22.3 4,460 6.4 7.5 
6 JUL 22.0 5,900 6.3 7.3 
7 JUL 21.9 6,560 6.4 7.4 
8 JUL 22.6 7,660 6.8 7.4 
9 JUL 23.1 8,350 6.8 7.4 

10 JUL 23.0 9,340 6.3 7.2 
11 JUL 23.5 8,820 6.1 7.5 
12 JUL 24.2 9,200 6.0 7.4 
13 JUL 23.9 8,640 5.6 7.1 
16 JUL 27.5 8,530 5.8 7.5 
18 JUL 26.3 7,710 5.5 7.7 
23 JUL 26.4 8,650 4.7 7.5 
26 JUL 27.6 8,390 5.7 7.5 
31 JUL 29.1 8,140 5.2 7.6 

6 AUG 28.9 10,350 5.7 7.4 
13 AUG 25.6 8,490 6.2 7.6 



TABLE A-1 (CONT. ) 

Temp. DO 
Date ( C) Cond. (mg/9-) pH 

17 AUG 23.3 7,500 6.3 7.7 
19 AUG 24.0 8,290 6.2 7.8 
20 AUG 25.2 8,690 6.4 7.4 
21 AUG 25.3 9,230 6.4 7.5 
23 AUG 25.9 9,600 7.2 7.7 
24 AUG 24.9 10,010 5.8 7.5 
26 AUG 25.7 9,040 5.8 7.7 
27 AUG 25.8 8,920 6.5 7.5 
28 AUG 25.6 9,360 6.2 7.7 
29 AUG 26.6 8,710 6.4 7.4 
31 AUG 25.9 8,960 5.3 7.5 
5 SEP 27.2 10,120 6.9 7.9 
6 SEP 26.7 10,120 5.8 7.6 
7 SEP 26.2 9,710 5.5 7.4 
8 SEP 25.7 7,880 5.2 7.4 
9 SEP 24.2 6,060 5.5 7.4 

10 SEP 23.9 5,280 5.9 7.5 
11 SEP 24.7 4,890 6.0 7.5 
12 SEP 25.5 4,060 6.6 7.6 
14 SEP 24.9 4,170 5.7 7.6 
17 SEP 24.5 3,020 6.1 8.0 
19 SEP 23.4 3,150 6.1 7.7 
20 SEP 21.2 2,890 6.3 7.5 
21 SEP 21.3 3,210 6.5 7.7 
22 SEP 21.6 3,010 6.4 7.6 
24 SEP 19.5 2,530 6.7 7.5 
25 SEP 21 .1 2,740 6.4 7.5 
26 SEP 20.6 2,490 6.4 7.5 
27 SEP 20.5 2,490 6.1 7.5 
28 SEP 20.9 2,570 6.2 7.5 

1 OCT 21 .1 3,870 5.7 7.8 
2 OCT 20.7 4,230 5.4 7.4 
3 OCT 21.3 4,930 5.6 7.4 
4 OCT 20.3 5,240 5.6 7.3 
5 OCT 20.5 4,610 5.7 7.3 
6 OCT 19.4 3,770 6.7 7.5 
8 OCT 18.3 1,770 6.3 7.4 
9 OCT 17.8 640 6.2 7.6 

10 OCT 17.1 440 6.3 7.4 
11 OCT 16.6 430 6.4 7.5 
12 OCT 16.1 375 6.5 7.6 
15 OCT 15.3 160 6.8 8.1 
16 OCT 15.5 230 6.5 7.7 
17 OCT 15.5 430 6.6 7.6 
18 OCT 15.4 570 6.6 7.6 
19 OCT 15.6 990 6.6 7.4 
20 OCT 16.1 1 ,610 6.8 7.5 
22 OCT 16.5 2,230 6.4 7.5 



TABLE A-1 (CONT.) 

Temp. DO 
Date ( C) Cond. (mg/R-) pH 

24 OCT 16.3 2,280 6.5 7.3 
25 OCT 15.8 2,215 6.4 7.4 
26 OCT 15.2 1,800 6.7 7.5 
29 OCT 13.7 1 ,410 6.7 8.2 
30 OCT 13.5 1,260 6.8 7.5 
31 OCT 13.4 1,230 6.8 7.5 

1 NOV 12.7 1,500 7.0 7.5 
2 NOV 13.3 1,855 6.9 7.4 
3 NOV 14.2 2,070 6.8 7.4 
5 NOV 11.0 1 ,0 10 7.2 7.5 
6 NOV 12.5 760 6.9 7.3 
7 NOV 12.6 610 6.7 7.2 
8 NOV 12.2 480 6.9 7.3 
9 NOV 11.9 340 6.9 7.2 

12 NOV 11 .0 130 7.1 7.3 
13 NOV 11.0 140 7.2 7.4 
14 NOV 10.5 100 7.2 7.3 
15 NOV 9.6 1,530 7.2 7.3 
16 NOV 9.1 2,470 7.5 7.4 
19 NOV 11.0 4,100 
20 NOV 8.0 4,300 
21 NOV 11.0 3,000 
26 NOV 13.0 1,800 
27 NOV 13.0 2,500 
28 NOV 11 .0 1,055 12.6 
29 NOV 8.5 648 10.6 
30 NOV 7.2 305 10.3 

1 DEC 7.0 206 10.2 
3 DEC 5.1 157 10.7 
4 DEC 5.8 152 10.4 
5 DEC 6.2 152 10.9 
6 DEC 6.0 152 10.7 
7 DEC 6.2 151 9.6 
8 DEC 4.4 132 10.8 

10 DEC 4.4 139 10.6 
11 DEC 7.5 175 
12 DEC 6.5 240 
13 DEC 6.4 148 10.3 
14 DEC 5.8 241 10.4 
16 DEC 5.2 2,3 47 9.3 
17 DEC 4.1 2,970 10.5 
18 DEC 3.3 3,655 10.4 
19 DEC 2.9 3,520 10.7 
20 DEC 3.1 3,278 11. 1 
21 DEC 2.5 2,878 10.9 
26 DEC 4.7 2,259 11 .9 
27 DEC 6.2 1 ,918 9.5 
28 DEC 4.0 866 11. 1 



APPENDIX B 

PHYTOPLANKTON VIABILITY DATA, 
BOWLINE POINT PLANT 1975, 1976 



TABLE B-1 INITIAL PHYTOPLANKTON PRODUCTIVITY AND CONDITION DATA COLLECTED AT THE 
BOWLINE POINT PLANT, 1975 

Primary Productivity Chlorophyll-!! Density 
Tem(!erature (C) (me; C/R.!hr) ( !!g/J!,) (1 I 000/i) 

Date_ ~ Ambient Discharge 6T Intake Discharge Control Intake Discharge Control Intake Discharge f.0n~rol 

24 JUN 1 24.9 33.4 8.5 0.052 0.01l5 0.052 n.24 11.19 12.16 3,190.1 2,864.8 3,2211.1 
2 0.059 0.052 0.0119 12.10 12.16 12.311 1l,535.2 2,980.0 3,358.2 

25 .JUN 211.9 33.2 8.3 0.0'15 0.045 0.0511 12.52 12.52 13.06 3,682.1 2,3
'
16.5 2,5011.9 

2 0.01J9 0.01J6 0.051J 11.25 11.25 12.311 11,151.1 2,315.3 2,908.0 

26 JUN 1 25.0 32.5 7.5 0.016 0.051J 0.01J3 12.16 11.43 11. 43 3,469.4 2,951.2 3,138.3 
2 0.01J8 0.0119 0.025 11 .61 11.25 11.61 2,555.3 2,135.2 2,91J11.0 

30 JUN 1 25.0 33.3 8.3 0.011 0.025 0.026 6.89 6.53 7.01 1,1J98.1 1,131.8 1,599. 11 
2 0.028 0.010 0.031 6.35 5.98 6.53 1,356.1J 1,121.6 1,356.11 

21 AUG 1 25.1J 33.1 7.7 0.051 0.061J 0.052 1.26 7.98 6.53 5,069.1 11,178.8 3,304.0 
2 0.095 0.058 0.053 10.52 7.07 5.80 7,158.4 4,9

'
15.5 3,919.1 

22 AUG 25.8 33.
'
1 7.6 0.068 0.048 0.044 8.16 6.89 5.80 6,41J6.4 1J,653.9 5,069.1 

2 0.066 O.OIJI 0.056 1.98 6.71 6.53 6,3'1 9.2 11,222.0 4,3110.8 

25 AUG 21J .8 30.2 5.4 0.025 0.021 0.029 3.81 3.81 3.99 2,801.9 2,6118.0 2,591.11 
2 0.027 0.020 0.027 4.11 3.99 4.71 3,001.6 2,559.0 2,364.6 

26 AUG 1 25.2 30.9 5.1 0.021 0.023 0.023 5.26 4.17 1J.35 3,282.6 2,627.3 3,150.1 
2 0.032 0.021 0.020 5.80 3.99 3.99 3,315.0 2,548. J 3,055.8 

11 NOV 1 111.1 15.1 1.0 0.007 0.005 0.001 2.90 2.11 2.51J 336.8 710.3 582.8 
2 0.001 0.001 0.006 2.90 1.99 2.12 665.0 1180.8 511J.8 

12 NOV 1 13 .It 15.2 1.8 0.008 0.002 0.007 3.81 0.99 3.26 563.9 216.9 238.0 
2 0.006 0.001 0.004 3.63 1.08 3.35 6110.7 311.3 827.0 

"13 NOV 1 13 .IJ 15.4 2.0 0.002 0.001 0.001l 3.35 0.99 3.11/1 8/11I.8 1J1J2.0 /167.0 
2 0.003 0.002 0.003 2.99 0.99 3.35 1J69.5 111J3.6 378.8 

lit NOV 1 12.6 15.5 2.9 0.005 0.002 0.006 2.17 0.63 1.1l5 111l2.0 207.2 1J1J6.8 
2 0.005 0.002 0.001l 1.99 0.72 0.90 490.6 393. /1 5112.9 



TABLE B-2 TWENTY-FOUR PHYTOPLANKTON PRODUCTIVITY AND CONDITION DATA COLLECTED 
AT THE BOWLINE POINT PLANT, 1975 

Primary Productivity Chlorophyll-,!! Density 
(ml3 C/lt/hr) (l1g/1 ) (1 1000/lt) 

Date ~ Intake Discharge Control Intake Discharge Control Intake Dischat'ge -.fontrol 

24 JUN 1 0.046 0.050 0.002 21.05 21.18 16.69 8,865.2 8,152.5 8,465.6 
2 0.051 0.056 0.001 21.23 9.43 13.24 9,739.8 9,696.6 9,718.2 

25 JUN 0.030 0.037 0.012 15.42 11.78 11.06 5,187.7 6,28'1.0 7,110.5 
2 0.021 0.063 0.024 11.61 20.69 11.24 5,766.1 9,410.5 5,317.'1 

26 JUN 0.053 0.073 0.064 15.97 18.15 15.24 8,962.3 9,286.3 7,061.9 
2 0.047 0.085 0.062 16.87 19.96 16.87 6,651.6 9,826.2 6,306.0 

30 JUN 1 0.029 0.039 0.047 8.16 9.80 11:43 5,215.4 4,567.6 4,848.3 
2 0.032 0.039 0.051 9.25 10.34 11.'13 5,755.3 4,707.9 5,388.2 

21 AUG 1 0.100 0.086 0.080 9.98 9.80 11.97 13,216.8 12,536.5 12,37'1.5 
2 0.155 0.095 0.018 18.51 10.52 10.10 20,116.1 10,884.'1 12,471.7 

22 AOO 1 0.204 0.1511 0.156 21.18 17.06 18.81 31,875.1 25,202.5 27,599.1 
2 0.167 0.166 0.189 23.59 13.06 14.15 30,385.6 211,295.5 21,10 /1.0 

25 AOO 0.05'1 0.055 0.052 6.11 10.34 11.25 11,208.3 9,118.2 10,528.1 
2 0.050 0.050 0.055 9.80 10.34 9.98 11,213.1 11,310.3 9,750.6 

26 AOO 1 0.086 0.071 0.066 5.62 10.34 9.43 8,940.1 10,495.7 7,612.6 
2 0.096 0.068 0.052 10.52 9.98 9.61 9,718.2 8,552.0 8,228.1 

11 NOV 1 0.006 0.005 0.0011 4.11 2.45 3.11 383.1 1,420.5 514.8 
2 0.007 0.005 0.006 3.72 2.54 3.35 689.3 581.0 386.9 

12 NOV 1 0.003 0.001 0.004 3.90 1.11 2.90 1,2]11.1 991.6 924.4 
2 0.002 0.000 0.003 3.90 0.99 3.26 1,328.1 615.2 888.0 

13 NOV 1 0.006 0.001 0.006 2.99 1.08 3.26 '110.2 5110.7 391.8 
2 0.007 0.001 0.004 2.99 0.81 3.11 814.6 582.8 5/12.4 

1'1 NOV 1 0.006 0.001 0.0011 1.92 0.72 1.56 521.8 202.4 677.7 
2 0.005 0.001 0.004 1.92 0.65 2.11 1,130.4 453.3 696.2 



TABLE B-3 INITIAL PHYTOPLANKTON PRODUCTIVITY AND CONDITION DATA COLLECTED 
AT THE BOWLINE POINT PLANT, 1976 

~~ 

15 APR 

29 APR 

13 MAY 

27 MAY 

10 ,JUIl 

2~ JUN 

8 JUL 

22 JUL(b) 

17 AUG( b) 

26 AUG(b) 

16 SEP(b) 

30 SEP 

111 OCT 

28 OCT 

~ NOV 

18 NOV 

~ 

1 
2 

1 
2 

2 

2 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

2 

2 

2 

1 

2 

2 

2 

TemperiltuI'e (e) 
Ambient Discharge ~L 

10.14 17.lI 7.0 

11.0 20.5 9.5 

15.3 2~.9 9.6 

16.1 26.1 10.0 

19.1 29.2 10.1 

23.2 32.9 9.7 

25.3 32.2 6.9 

25.2 25.5 0.3 

21j.4 25.0 0.6 

25.2 25.14 0.2 

22.6 22.9 0.1 

19.6 28.1 8.5 

17 .~ 28.1 10.7 

11.0 20.7 9.7 

9.1j 19.9 10.5 

6.6 19.~ 12.6 

Primar'Y Product 
img Clt/hl') 

Intake Discharge 

0.000 
0.001 

0.001 
0.002 

0.01'7 
0.Oll6 

0.024 
0.025 

0.058 
0.146 

0.095 
0.116 

0.0110 
O.Oljl 

0.067 
0.076 

0.066 
0.011 

0.046 
0.066 

O.Oljl 
0.025 

0.012 
0.010 

0.037 
0.0~2 

0.036 
o .0~5 

0.023 
0.024 

0.0011 
0.004 

0.001 
0.001 

0.002 
0.002 

0.0113 
0.0~5 

0.025 
0.026 

0.089 
0.084 

0.096 
0.080 

0.027 
0.028 

0.016 
0.066 

0.072 
0.075 

0.043 
0.059 

0.015 
0.013 

0.011 
0.006 

0.0~5 

0.050 

0.032 
O.O~O 

0.022 
0.022 

0.0011 
0.00/1 

ATr 
illlR.) 
~ Discharge 

0.071 
0.011 

0.058 
0.051 

0.279 
0.365 

0.201 
0.140 

0.2~0 

0.297 

1.295 
l.lIOO 

0.255 
0.114 

0.414 
0.426 

0.223 
0.143 

0.616 
0.850 

0.463 
0.452 

0.061 
0.062 

0.202 
0.277 

0.404 
0.312 

0.1129 
0.202 

0.066 
0.081 

0.091 
0.111 

0.0111 
0.048 

0.376 
0.362 

0.226 
0.290 

0.186 
0.211 

0.958 
0.970 

0.042 
0.083 

0.208 
0.311 

0.091 
0.107 

0.580 
0.399 

0.099 
0.119 

0.044 
0.026 

0.164 
0.123 

0.21J3 
0.324 

0.160 
0.182 

0.260 
0.169 

w-Percent of those organisms alive classified as healthy; number' in parent.heses is N of sample. 
(b) Unit 1 down, Cil'culating pumps on. 

Density 
(IOOOlt) 

Int.ake 

399.9 
312.5 

391.8 
396.1 

6,624.6 
8,3;>5.3 

3,8114.1 
3,1j66.2 

10,819.6 
9,637.2 

8,816.0 
6,948.5 

2,584.7 
2,120.8 

4,124.8 
4,216.0 

lI,999.5 
5,258.6 

9,166.8 
10,268.9 

3,328.3 
3,020.6 

1,181.7 
991.1 

5,301.8 
4,556.8 

5,652.8 
5,749.9 

2, 469.9 
3,295.9 

5411.0 
1153.3 

Discharge 

263.3 
320.6 

302.6 
202.11 

6,090.1 
5,133.7 

3,320.2 
3,336.4 

10,333.7 
6,4511.8 

5,01j2.1 
7,661.2 

1,380.7 
1,275./4 

1',lI05.6 
lI,513.6 

3,638.9 
3,736.1 

8,~51j .8 
8,616.8 

1,075.3 
968.5 

31jl.0 
330.2 

3,81PI.l 
3,671.3 

II,lI70.4 
4,200.4 

2,601.9 
2,729.0 

429.0 
655.1 

Aut.ofluorescenc? 
(Per'cent Healthy) a) 

Intake ~~ 

72.8 
86.4 

67.6 
83.4 

( 191) 
(257) 

(202) 
(199) 

95.4 (1,000) 
92.1j (778) 

66.1j (1,166) 
73.1 (662) 

68.1 (1,09l1) 
90.6 (1,120 

6~.2 

68.6 

60.3 
70.5 

5'1. 11 
18.3 

71.3 
12.7 

81.9 
83.5 

47.1 
50.6 

31.5 
32.2 

58.1 
65.5 

76.6 
76.0 

58.2 
62.11 

13.9 
12.0 

(551) 
(571 ) 

(431) 
(387) 

(373) 
( 115) 

(421) 
(220) 

(1j71) 
(393) 

(362) 
(360) 

(346) 
0;>6) 

(353) 
(35") 

(312) 
(1'58) 

(311) 
(09) 

(1118) 
(326) 

72.0 (25'/) 
79.6 (211) 

76.7 (103) 
62.4 (2411) 

96.3 (870) 
91.1 (629) 

69.2 (633) 
67.8 (691) 

69.1 (679) 
83.8 (631) 

80.8 (395) 
16.1 (527) 

58.6 (326) 
60,8 (365) 

63.4 (350) 
'{4.1 (265) 

61.0 (1151) 
82.7 (283) 

92.9 (1'51j) 
91.9 (295) 

"7.3 (520) 
36.1 (283) 

26.6 (1186) 
21.6 (393) 

48.2 091j) 
60.6 (485) 

50.9 (318) 
58.0 (383) 

51.1 (1166) 
60.2 (382) 

22.~ (375) 
9,'T <:151) 



TABLE B-4 TWENTY-FOUR HOUR PHYTOPLANKTON PRODUCTIVITY AND CONDITION DATA COLLECTED 
AT THE BOWLINE POINT PLANT I 1976 

Primary Productivity ATP Density Autofluorescence 
(mg C/ll./hr) (Ilg/ll.) ( l,OOO/ll.) Percent lIealthy:(a) 

Date ~ Intake Dischal'!!;e Intake Discharge !.ntake Discharge Intake Discharge 

15 APR 0.001 0.001 0.076 0.0811 83.7 (257) 80.0 (285) 
2 0.001 0.001 0.0115 0.056 77 .2 (228) 80.2 (2112) 

29 APR 0.002 0.002 0.112 0.081 811.2 (273) 88.7 (1186) 
2 0.002 0.0011 0.085 0.112 79.8 (272) 91.8 (588) 

13 MAY 0.065 0.060 0.831l 0.381 81.8 (9116) 91.11 ( 1 , 1113) 
2 0.077 0.063 0.7811 0.1l50 90.9 (1,503) 90.6 (1,228) 

27 MAY 0.037 0.037 0.51l2 0.510 88.0 (623) 78.1 (562) 
2 0.057 0.036 0.1l90 0.391l 77 .1 (711) 89.8 (1170) 

10 JUN 1 0.11l1 0.108 1.052 0.602 91l.3 (673) 90.1l (1,509) 
2 0.222 0.110 0.592 0.8311 90.8 ( 795) 89.11 (1 ,581l) 

21l JUN 1 0.101l 0.103 2.120 1.1l58 81.1l (781l) 85.9 (780 ) 
2 0.126 0.088 1.190 1.351l 83.1 ('186 ) 81l.3 (784) 

8 JUL 0.058 0.031 1.131l 0.399 85.3 (63'1 ) 71.6 (559) 
2 0.055 0.017 0.958 0.226 85.1l ( 663) 60.5 (1130) 

22 JUl.( b) 1 0.129 0.115 3.1180 1.92 89.2 (370 ) 79.'7 (1108) 
2 0.133 0.103 2.180 1.90 Not monitored 93.1 (291 ) 85.3 (395) 

1'7 AUG(b) 1 0.055 0.050 1.20'1 0.1l12 80.0 (1l96) 81. 11 (1l58 ) 
2 0.076 0.037 0.691 0.852 iiil.9 (6"{6 i 89.3 (422) 

26 AUG(b) 1 0.031 0.0311 1.9711 1l.91l6 88.7 (1153) 81.6 (534) 
2 0.0119 0.0118 2.119 3.592 98.2 ( 565) 90.11 (666) 

16 SEP(b) 1 0.051 0.020 1.018 0.373 33.3 ( 399) 35.0 (429) 
2 0.035 0.022 0.587 0.268 22.5 (395) 31.1 ( 363) 

30 SEP 1 0.012 0.007 0.616 0.223 23.0 (1l26) 1'7.'1 (421) 
2 0.008 0.006 0.lll1 0.237 18.3 (367 ) 11.5 (1187) 

111 OCT 1 0.050 0.029 0.858 0.2115 '11.8 (426) 79.3 (1l15) 
2 0.041 0.01l3 0.727 O.'171l 8'1.6 ( 622) 58.5 (1l72) 

28 OCT 1 0.030 0.0211 0.298 0.391 711.3 (1178 ) 85.6 (1172) 
2 0.03'1 0.025 0.505 0.662 63.3 ( 1109) 59.2 (610) 

I, NOV 0.019 0.018 0.3111 0.371 69.6 (603) 119.9 (581) 
2 0.022 0.017 0.399 0.383 61.7 (371 ) 51.7 ( 1l93) 

18 NOV 1 0.003 0.005 0.131 0.187 37.1 ( 3'15) 37.1 (1112) 
2 0.0011 0.003 0.157 0.1'75 31.9 ( 357) 113.2 (1110) 

(a) Percent of those organisms alive classified as healthy; number in parentheses is N of sample. 
(b) (Jnit 1 down, circulating pumps on. 



APPENDIX C 

MICROZOOPLANKTON VIABILITY DATA 
BOWLINE POINT PLANT 1975, 1976 



TABLE C-1 MICROZOOPLANKTON INITIAL (O-HOUR) SURVIVAL DATA 
AT THE BOWLINE POINT PLANT, 1976 

TemEerature (C) Percenta~e Survival(a) 
Species Date Intake Discharge Intake (n1) Discharge (n2) 

Total micro- 8 MAR 3.2 12.4 53.4 (88) 54.0 (74) 
zooplankton 22 MAR 5.0 14.4 33.6 ( 520) 45.6 ( 171) 

5 APR 7.8 16.8 34.7 (92) 57.1 (42 ) 
26 APR 10.6 19.7 43.7 ( 990) 60.2 ( 680) 
10 MAY 15.8 25.2 70.9 (1,655) 38.9 (488)* 
24 MAY 16.5 23.9 69.8 (3,260) 45.8 (1,559)* 
1 JUN 18.7 21.6 60.9 (1 ,866 ) 38.3 (1,074)* 

21 JUN 24.5 33.0 60.0 (3,352) 56.6 (2,951)* 
12 JUL 25.1 29.1 15.1 (713)' 79.0 (624 ) 
27 JUL 24.0 32.6 93.2 (1,323) 94.4 (3,507) 
9 AUG 25.0 32.0 88.0 (327 ) 80.4 (1,294)* 

23 AUG 26.0 35.0 96.6 (4,176) 81.0 (1,686) * 
13 SEP 23.5 33.0 92.3 (2,241) 89.0 (1,416)* 
27 SEP 21.0 29.0 96.9 (1,121) 93.0 (790) * 
4 OCT 18.9 28.3 96.6 (148 ) 91.5 (238)* 

25 OCT 12.8 24.8 10.5 ( 560) 60.9 (1,097)* 
1 NOV 10.0 21.6 59.7 (880 ) 49.0 (724 )* 

15 NOV 7.2 19.9 63.1 (328) 58.2 (199 ) 
6 DEC 3.7 16.2 84.1 (1,060 ) 84.4 (954 ) 

Copepod 22 MAR 5.0 14.4 32.5 (455) 43.0 (144) 
nauplii 5 APR 1.8 16.8 22.2 (36) 57.1 (35) 

26 APR 10.6 19.1 43.1 ( 818) 60.7 (606 ) 
10 MAY 15.8 25.2 49.5 (452) 15.2 (230)* 
24 MAY 16.5 23.9 56.1 ( 837) 31.9 (244) * 
7 JUN 18.7 27.6 68.6 (1,118) 34.7 (492) * 

21 JUN 24.5 33.0 52.1 (1 ,078) 42.2 (813)* 
12 JUL 25.1 29.1 68.1 (326 ) 14.9 (271) 
21 JUL 24.0 32.6 92.3 (757) 94.5 (3,003 ) 
9 AUG 25.0 32.0 83.7 (129 ) 19.5 (1,101) 

23 AUG 26.0 35.0 91.2 (4, 197) 88.5 (1,419)* 
13 SEP 23.5 33.0 93.2 (2,029 ) 91 .1 (1,303)* 
27 SEP 21.0 29.0 97.2 (993) 93.3 ( 661)* 
4 OCT 18.9 28.3 96.4 ( 114) 91.2 (194 ) 

25 OCT 12.8 24.8 54.0 ( 50) 65.0 (423) 
1 NOV 10.0 21 .6 63.2 (106 ) 59.7 (144 ) 
6 DEC 3.1 16.2 87.2 ( 836) 84.5 ( 692) 

(a) n1 and n2 represent intake and discharge sample sizes, respectively. 

Note: * indicates survival at the discharge significantly lower than that 
at the intake at the a = 0.05 level for a one-tailed t-test. 



TABLE C-1 (CONT.) 

Tem:eerature (C) Percentage Survival(a) 
Species Date Intake Discharge Intake (n1) Discharge (n2) 

Eur~temora 7 JUN 18.7 27.6 72.5 ( 51) 41.2 (80)* 
affinis 12 JUL 25.1 29.1 82.9 ( 41) 80.9 (21) 

27 JUL 24.0 32.6 97.2 (36) 96.6 (30) 
6 DEC 3.7 16.2 100.0 (43) 86.6 (30)* 

Acartia 27 JUL 24.0 32.6 94.9 (158 ) 91.9 ( 62) 
tonsa 23 AUG 26.0 35.0 90.6 (64) 71.4 (21) * 

27 SEP 21.0 29.0 96.7 ( 61) 86.0 (50)* 

Halicyclo:es 10 MAY 15.8 25.2 94.0 (50) 82.0 (39) 
fosteri 7JUN 18.7 27.6 88.0 (25) 75.5 ( 45) 

21 JUN 24.5 33.0 88.5 (87 ) 83.4 ( 121) 
25 OCT 12.8 24.8 96.6 (89) 91.3 (23) 

1 NOV 10.0 21.6 92.5 (67) 83.7 (43 ) 

Bosmina 7JUN 18.7 27.6 91.5 (59 ) 93.1 (44 ) 
longirostris 21 JUN 24.5 33.0 85.8 (78) 75.9 (54 ) 

12 JUL 25.1 29.1 84.3 (32) 88.0 (50) 
25 OCT 12.8 24.8 97.1 (70 ) 75.0 (28)* 

6 DEC 3.7 16.2 81.8 ( 77) 91.9 (124 ) 

Keratella 10 MAY 15.8 25.2 85.9 (228) 56.9 (65)* 
cochlearis 24 MAY 16.5 23.9 78.7 (1,183) 64.9 (377)* 

7 JUN 18.7 27.6 22.1 (307 ) 24.7 (251 ) 
21 JUN 24.5 33.0 35.4 ( 708) 60.9 (801 ) 
25 OCT 12.8 24.8 50.6 (221) 49.6 (475 ) 

1 NOV 10.0 21.6 45.7 (485) 32.5 (375)* 
15 NOV 7.2 19.9 64.2 (95 ) 64.5 (62 ) 
6 DEC 3.7 16.2 26.1 ( 42) 58.8 (34) 

Notholca 8 MAR 3.2 12.4 57.6 (26) 45.0 (20) 
accuminata 24 MAY 16.5 23.9 73.2 (325) 28.2 (418)* 

21 JUN 24.5 33.0 77.1 (752 ) 58.1 (564) * 
1 NOV 10.0 21.6 75.7 (66) 65.7 (35 ) 

15 NOV 7.2 19.9 50.0 (90) 40.6 (59 ) 

(a) n1 and n2 represent intake and discharge sample sizes, respectively. 

Note: * indicates survival at the discharge sig~ificantly lower than that 
at the intake at the a = 0.05 level for a one-tailed t-test. 



TABLE C-1 (CONT.) 

TemEerature (C) Percentage Survival(a) 
Species Date Intake Discharge Intake (n1) Discharge (n2 ) 

Kellicottia 24 MAY 16.5 23.9 72.0 (43) 42.0 (50)* 
longisEina 7 JUN 18.7 27.6 59.5 (42) 31.3 (51)* 

21 JUN 24.5 33.0 58.3 (36) 38.4 (26 ) 

Brachionus 24 MAY 16.5 23.9 65.1 (43) 46.0 (50 ) 
cal:lc i fl orus 21 JUN 24.5 33.0 76.8 (320) 64.0 (300 )* 

1 NOV 10.0 21.6 64.7 (34) 52.6 (38) 

Pelecypod 27 JUL 24.0 32.6 97.1 (35) 98.3 ( 62) 
veliger 23 AUG 26.0 35.0 86.5 (52 ) 62.9 (54 )* 

Gastropod 12 JUL 25.1 29.1 88.6 ( 167) 97.5 ( 120) 
veliger 27 JUL 24.0 32.6 93.7 (96) 93.0 ( 115 ) 

(a) n1 and n2 represent intake and discharge sample sizes, respectively. 

Note: * indicates survival at the discharge significantly lower than that 
at the intake at the a. = 0.05 level for a one-tailed t-test. 



TABLE C-2 MICRO ZOO PLANKTON SURVIVAL DATA O~3ERVED 48 HOURS AFTER 
ENTRAINMENT AT THE BOWLINE POINT PLANT, 1976 

TemEerature (C) PI3rcentase Survival (a) 
Species Date Intake Discharge Intake (n 1 ) Discharge (n2) 

Total micro- 8 MAR 3.2 12.4 56.3 (55) 49.3 (83) 
zooplankton 22 MAR 5.0 14.4 51.7 ( 512) 59.4 (153) 

5 APR 7.8 16.8 66.2 (83) 61.1 (54 ) 
26 APR 10.6 19.7 55.2 (577) 45.3 (543)* 
10 MAY 15.8 25.2 63.3 (1 ,027) 52.2 (544 )* 
24 MAY 16.5 23.9 76.7 (1,980) 48.1 (1,458)* 
7 JUN 18.7 27.6 26.4 (995 ) 17.7 (813)* 

21 JUN 24.5 33.0 52.7 (2,351) 59.4 (1,888) 
12 JUL 25.1 29.1 66.1 ( 411) 47.2 (292)* 
27 JUL 24.0 32.6 74.6 ( 512) 86.0 (1,676) 
9 AUG 25.0 32.0 76.3 (220) 73.5 (526 ) 

23 AUG 26.0 35.0 77.3 (2,562) 75.8 (1,103) 
13 SEP 23.5 33.0 76.2 (1 ,251 ) 84.4 (785 ) 
27 SEP 21.0 29.0 75.4 (465 ) 83.5 (455) 
4 OCT 18.9 28.3 94.4 ( 181) 87.0 (131)* 

25 OCT 12.8 24.8 59.6 (528 ) 60.2 (970) 
1 NOV 10.0 21.6 66.0 (777 ) 69.5 (614) 

15 NOV 7.2 19.9 64.8 (242) 64.0 (203) 
6 DEC 3.7 16.2 78.7 (330 ) 70.6 (286)* 

Copepod 22 MAR 5.0 14.4 52.0 (459) 58.9 (129 ) 
nauplii 5 APR 7.8 16.8 69.6 (33) 69.5 (23) 

26 APR 10.6 19.7 52.6 (469) 43.8 (474) * 
10 MAY 15.8 25.2 39.1 (240) 42.4 (231 ) 
24 MAY 16.5 23.9 62.3 (69 ) 34.7 (187) * 
7 JUN 18.7 27.6 17.7 (457) 19.1 (297 ) 

21 JUN 24.5 33.0 42.1 ( 472) 37.1 (218) 
12 JUL 25.1 29.1 53.9 (89) 42.3 (26) 
27 JUL 24.0 32.6 90.3 (83) 85.9 ( 1 , 142) 
9 AUG 25.0 32.0 90.4 (84) 68.9 (319)* 

23 AUG 26.0 35.0 77.6 (2,191) 78.9 (880 ) 
13 SEP 23.5 33.0 77.2 (1 , 137 ) 84.6 (703 ) 
27 SEP 21.0 29.0 82.0 (350) 85.1 (309 ) 

4 OCT 18.9 28.3 94.6 (149 ) 88.4 (104 ) 
25 OCT 12.8 24.8 45.1 (31) 55.4 (361) 

1 NOV 10.0 21.6 50.0 (78) 46.8 (96 ) 
6 DEC 3.7 16.2 95.2 ( 169) 86.3 (66) * 

(a) n1 and n2 represent intake and discharge sample sizes, respectively. 

Note: * indicates survival at the discharge significantly lower than that 
at the intake at the Ct = 0.05 level for a one-tailed t-test. 



TABLE C-2 (CaNT.) 

TemEerature (C) 
Species Date Intake Discharge 

Percentase Survival(a) 
Intake (n1) Discharge (n2) 

Eur~temora 7JUN 18.7 27.6 17 .2 (29 ) 20.3 (59 ) 
affinis 27 JUL 24.0 32.6 93.7 (48) 96.0 (25) 

6 DEC 3.7 16.2 93.3 ( 45) 90.9 ( 55) 

Acartia 27 JUL 24.0 32.6 51.3 (74) 79.6 (103 ) 
tonsa 23 AUG 26.0 35.0 68.9 (87) 50.0 (40 )* 

27 SEP 21.0 29.0 20.9 (43) 52.1 (46) 

Halic:lcloEs 10 MAY 15.8 25.2 85.0 (67) 100.0 (27) 
fosteri 7 JUN 18.7 27.6 66.6 (30) 52.7 (36) 

21 JUN 24.5 33.0 87.6 ( 73) 73.1 (97)* 
1 NOV 10.0 21.6 88.4 (52) 85.7 ( 42) 

Bosmina 7JUN 18.7 27.6 90.7 ( 65) 66.6 (60)* 
lonsirostris 21 JUN 24.5 33.0 48.0 (100 ) 65.7 (108 ) 

12 JUL 25.1 29.1 68.9 (58) 65.2 (46) 
25 OCT 12.8 24.8 88.1 (76) 58.3 (24)* 

6 DEC 3.7 16.2 39.1 (23) 61.5 (65 ) 

Keratella 10 MAY 15.8 25.2 94.3 (212) 76.9 (78)* 
cochlearis 24 MAY 16.5 23.9 86.3 (971 ) 74.8 (409 )* 

7 JUN 18.7 27.6 16.8 (267) 10.1 (177)* 
21 JUN 24.5 33.0 60.0 (681 ) 60.7 (675) 
25 OCT 12.8 24.8 43.8 (210 ) 67.9 (440 ) 

1 NOV 10.0 21.6 68.3 (468 ) 80.7 (338 ) 
15 NOV 7.2 19.9 69.1 (81) 68.1 (411 ) 
6 DEC 3.7 16.2 0.0 (32) 15.6 (32) 

Notholca 24 MAY 16.5 23.9 67.6 (523 ) 311.4 (429)* 
accuminata 21 JUN 211.5 33.0 48.6 (646 ) 56.5 ( 502) 

1 NOV 10.0 21.6 67.2 (61) 59.3 (32 ) 
15 NOV 7.2 19.9 65.7 (73) 62.0 ( 58) 

(a) n1 and n2 represent intake and discharge sample sizes, respectively. 

Note: * indicates survival at the discharge significantly lower than that 
at the intake at the a = 0.05 level for a one-tailed t-test. , 



TABLE C-2 (CONT.) 

TemEerature (C) Percentage Survival (a) 
Species Date Intake Discharge Intake (n1) Discharge (n2 ) 

Kellicottia 24 MAY 16.5 23.9 90.3 ( 52) 24.1 (58) * 
longisEina 7 JUN 18.7 27.6 8.8 (34) 0.0 (46) 

21 JUN 24.5 33.0 68.9 (29) 65.0 (20) 

Brachionus 24 MAY 16.5 23.9 55.1 (49) 30.5 (59)* 
cal:z::ciflorus 21 JUN 24.5 33.0 20.1 (174 ) 50.0 (132 ) 

1 NOV 10.0 21.6 48.7 (39) 32.5 (43) 

Pelecypod 27 JUL 24.0 32.6 33.3 ( 30) 57.7 ( 45) 
veliger 23 AUG 26.0 35.0 11.5 (26) 33.3 (39) 

Gastropod 12 JUL 25.1 29.1 74.1 (147 ) 25.5 ( 137) * 
veliger 27 JUL 24.0 32.6 76.9 (130 ) 91.7 (158 ) 

(a) n1 and n2 represent intake and discharge sample sizes, respectively. 

Note: * indicates survival at the discharge significantly lower than that 
at the intake at the a = 0.05 level for a one-tailed t-test. 



TABLE C-3 MICROZOOPLANKTON INITIAL (O-HOUR) SURVIVAL DATA 
AT THE BOWLINE POINT PLANT , 1975 

TemEerature (C) Percentage Survival(a) 
Date Intake Discharge Intake (n1) Discharge (n2) 

Total microzooElankton 

29 JUL - 5 AUG 26.0-28.0 35.0-37.0 76.3 (9,190) 56.8 (8,264) * 
29 SEP - 1 OCT 20.0-20.0 27.5-29.0 63.2 (625) 63.7 (699) 
16 DEC - 17 DEC 5.5-6.0 11.0-11.0 72.9 ( 1 ,330) 54.3 (792)* 

. COEepod nauElii 

29 JUL - 5 AUG 26.0-28.0 35.0-37.0 77.2 (7,764) 55.2 (7,093)* 
29 SEP - 1 OCT 20.0-20.0 27.5-29.0 40.4 (156 ) 27.9 (136 )* 
16 DEC - 17 DEC 5.5-6.0 11.0-11.0 73.4 (791) 50.3 (529)* 

Eur~temora affinis 

29 JUL - 5 AUG 26.0-28.0 35.0-37.0 92.0 (472) 51.4 (107) * 
16 DEC - 17 DEC 5.5-6.0 11.0-11.0 82.9 (82) 40.9 (22)* 

Acartia tonsa 

29 JUL - 5 AUG 26.0-28.0 35.0-27.0 75.9 (29) 33.0 (91)* 

HalicycloEs fosteri 

29 JUL - 5 AUG 26.0-28.0 35.0-37.0 83.2 (113) 64.2 (67)* 
29 SEP - OCT 20.0-20.0 27.5-29.0 79.5 (327) 81.4 (312 ) 

Bosmina lonSirostris 

29 JUL - 5 AUG 21.0-28.0 35.0-37.0 85.7 (35 ) 50.8 (65)* 
29 SEP - 1 OCT 20.0-20.0 27.5-29.0 73.5 (49 ) 85.5 (69) 

(a) n1 and n2 represent intake and discharge sample sizes, respectively. 

Note: * indicates survival at the discharge significantly lower than that 
at the intake at the ~ = 0.05 level for a one-tailed t-test. 



TABLE C-3 (CONT.) 

Temperature (C) Percentage Survival (a) 
Date Intake Discharge Inta.ke (n1) Discharge (n2) 

Keratella cochlearis 

29 SEP - 1 OCT 20.0-20.0 27.5-29.0 32.1 (28) 46.8 (77) 
16 DEC - 17 DEC 5.5-6.0 11 .0-11 .0 53.7 ( 41) 62.9 (35) 

Notholca accuminata 

10 DEC - 12 DEC 5.5-6.0 11 .0-11 .0 71.9 ( 377) 65.3 (150) 

Gastropod veli~er 

29 JUL - 5 AUG 26.0-26.0 35.0-37.0 85.8 ( 162) 63.3 (251)* 

(a) n1 and n2 represent intake and discharge sample sizes, respectively. 

Note: * indicates survival at the discharge significantly lower than that 
at the intake at the ex = 0.05 level for a one-tailed t-test. 



-- - - --------------------------------------------------

TABLE C-4 MICROZOOPLANKTON SURVIVAL DATA OBSERVED 48 HOURS AFTER 
ENTRAINMENT AT THE BOWLINE POINT PLANT, 1975 

Tem2erature (C) Percenta~e Survival (a) 
Date Intake Discharge Intake (n1) Discharge (n2) 

Total microzoo2lankton 

29 JUL - 5 AUG 26.0-28.0 35.0-37.0 65.0 (2,628 ) 31.3 (2,166) * 
29 SEP - 1 OCT 20.0-20.0 27.5-29.0 46.5 (561) 65.3 (504 ) 
16 DEC - 17 DEC 5.5-6.0 11 .0-11 .0 53.1 ( 729) 33.6 (578 )* 

Copepod nauplii 

29 JUL - 5 AUG 26.0-28.0 35.0-37.0 57.9 (1,672) 25.5 ( 1 ,701) * 
16 DEC - 17 DEC 5.5-6.0 11.0-11.0 69.4 (337) 32.8 (409)* 

Eurltemora affinis 

16 DEC - 17 DEC 5.5-6.0 11.0-11.0 82.8 (87 ) 40.0 (25)* 

Acartia tonsa 

29 JUL - 5 AUG 26.0-28.0 35.0-27.0 59.7 ( 67) 34.8 (46)* 

Haliclclops fosteri 

29 SEP - 1 OCT 20.0-20.0 27.5-29.0 52.4 (313 ) 73.9 (272) 

Bosmina longirostris 

29 JUL - 5 AUG 26.0-28.0 35.0-37.0 72.7 (33) 31.0 (29)* 
29 SEP - 1 OCT 20.0-20.0 27.5-29.0 63.0 (73) 66.7 ( 81) 

(a) n1 and n2 represent intake and discharge sample sizes, respectively. 

Note: * indicates survival at the discharge significantly lower than that 
at the intake at the CI. = 0.05 level for a one-tailed t-test. 



TABLE C-4 (CONT.) 

Temperature (C) Percentage Survival(a) 
Date Intake Discharge Intake (n1) Discharge (n2) 

29 SEP - 1 OCT 
16 DEC - 17 DEC 

16 DEC - 17 DEC 

20.0-20.0 
5.5-6.0 

5.5-6.0 

29 JUL - 5 AUG 26.0-28.0 

Keratella cochlearis 

27.5-29.0 
11 .0-11 .0 

28.9 
19.0 

Notholca accuminata 

11.0-11.0 16.6 

Gastropod veliger 

35.0-37.0 64.1 

(38) 
(21) 

(235 ) 

(92) 

57.3 
26.7 

33.3 

55.7 

(75) 
(30) 

(78 ) 

(140 ) 

(a) n1 and n2 represent intake and discharge sample siz es, respec ti vely. 

Note: * indicates survival at the discharge significantly lower than that 
at the intake at the a. = 0.05 level for a one-tailed t-test. 



APPENDIX D 

ENTRAINMENT SURVIVAL DATA FOR 
MACROZOOPLANKTON COLLECTED AT 

THE BOWLINE POINT PLANT 
DURING 1975, 1976, AND 1978 



Nean 
Date _ ~.2-'! Temp. 

29 JUL I 27.0 
D 35.0 

30 JUL I 21.0 
D 37.0 

31 .JUl, I 28.0 
0 36.0 

II AUG I 28.0 
V 36.0 

5 /lUG I 28.5 
D 36.0 

29 SEP 20.0 
D 28.5 

30 SEP 19.8 
D 26.0 

1 OCT I 20.0 
D 27.5 

16 VEC I 5.7 
f) 11.11 

Total I 
V 

TABLE D-1 INITIAL AND EXTENDED SURVIVAL OF GAMMARUS AT THE BOWLINE POINT PLANT, 
HUDSON RIVER ESTUARY, 1915 

SaJ.i- Initial ~ntralnment Latent 
Temp. DO Condo nity Number Number Propol'tlon Survival, ~ffects Extended Survival 

~.'L- (mg/i.) (J.lNIIOS) -.£!! ieEll Samples. Collected Surviving S .. __ e __ Subsample Initial 6 12 ~ ~6 

6 0.500 ~ 1.000 1.000 1.000 1.000 1.000 
7 0.857 1.000 1.000 1.000 1.000 1.000 

15 1.000 15 1.000 0.400 0.4(10 0.400 0.400 
21 0.714 71. 11 8 1.000 1.000 0.875 0.875 0.815 

3 1.000 2 1.000 0.500 0.500 0.500 0.500 
30 0.667 21 1.000 0.667 0.661 0.524 0.381 

12 0.583 5 1.000 1.000 0.600 0.800 0.800 
6 0.633 100.0 5 1.000 1.000 1.000 1.000 1.000 

81 0.667 34 1.000 1.000 0.653 0.824 0.735 
26 0.8116 16 1.000 0.000 0.000 0.000 0.000 

38 0.941 14 1.000 0,857 0.857 0.657 0.786 
16 1.000 100.0 9 1.000 1.000 1,000 1.000 1.000 

19.5-20.0 2 51 0.961 37 1.000 1.000 1.000 1.000 1.000 
23.5-28.5 2 28 0.893 92.9 11 , .000 0.727 0.636 0.636 0.636 

57 1.000 23 1.000 0.913 0.913 0.870 0.826 
29 0.966 96.6 12 1.000 1.000 1.000 1.000 0.917 

5.4- 6.0 11.6 2,210 7.7 1.1 2 102 0.80JI 35 1.000 1,000 0.971 0.971 0.971 
11.3-11.4 11.8 2,485 7.5 1.3 2 25 0.920 100.0 17 1.000 1.000 1.000 1.000 1.000 

11 367 0.837 169 1.000 0.917 0.676 0.86~ 0.634 
11 188 0.883 105.5 100 1.000 0.7110 0.720 0.690 0.650 

• 

* Se for individual dates have a maximum of 1.000; however, yearly totals can be greater than 1.000. 

--.-lL ~ 
1.000 1.000 
0.000 0.000 

0.400 0.'100 
0.815 0.875 

0.500 0.500 
0.288 0.190 

0.600 0.600 
1.000 1.000 

0.735 0.588 
0.000 0.000 

0.786 0.786 
1.000 1.000 

0.946 0.919 
0.636 0.364 

0.783 0.739 
0.917 0.633 

0.9'/1 0.943 
1.000 ·0.941 

0.617 0.763 
0.620 0.550 



TABLE D-2 INITIAL AND EXTENDED SURVIVAL OF GAMMARUS AT THE BOWLINE POINT PLANT, 
HUDSON RIVER ESTUARY, 1976 

Mean 
Date Station~-'. 

Temp. 
Range 

8 MAR 

23 MAR 

5 APR 

26 APR 

10 MAY 

211 MAY 

1 JUN 

21 JUN 

12-13 
JUL 

26 JUL 

9 AUG 

23 AUG 

13 SEP 

21 SEP 

II OCT 

25 OCT 

I 
D 

I 
o 

I 
o 

I 
o 

I 
o 

I 
o 

I 
o 

o 

I 
o 

I 
D 

I 
o 

I 
o 

I 
D 

I 
o 

o 

I 
o 

3.2 
11.0 

5.3 
1~ .1 

1.B 
16.B 

10.6 
19.5 

15.8 
25.2 

16.5 
23.5 

lB.l 
23.5 

23.9 22.B-25.0 
30.0 2B.0-32.0 

25.6 25.1-26.0 
31>.2 30.0-30.3 

24.5 
3~.0 

25.0 
32.0 

26.0 
35.0 

23.5 
33.0 

21.0 
29.0 

1B.9 
2B.3 

12.B 
2 11.7 

00 Cond. 
~ (lIMIIOS) E.!!... 

13.~ 
12.3 

12.1 
11.3 

10.9 
9.1 

9.B 
9.3 

9.5 
9.0 

9.6 

9.1 

7.5 

5.8 

8.2 
9.2 

7.3 

7.9 
7.6 

9.3 
9.0 

11 7.7 
129 7.~ 

250 1.6 
290 7.9 

120 '1.9 
160 1.9 

5B 1.9 
67 1.6 

130 7.5 
170 1.9 

130 1.2 

160 

165 

250 7.9 

792 

2,700 
2,1150 

11,030 
II ,030 

2,020 7.5 
2,010 7.3 

7.8 

335 7.11 
1105 6.7 

250 
280 

Salinity 

~ 

2.0 
2.0 

3.0 
3.0 

Initial 
Prop. 

Number Number Sur-
Samples Collected vjving 

2 
2 

2 
2 

36 
3~ 

2 
9 

33 
15 

12 
21 

130 
166 

103 
199 

5 
11 

221 
62 

262 
20B 

1j~6 

106 

115 
99 

330 
114 

6 
II 

5 
16 

10 
5 

1 
10 

0.912 
1.000 

1.000 
0.178 

1.000 
0.933 

1.000 
0.926 

0.977 
0.922 

0.903 
0.960 

1.000 
0.909 

0.971 
o .Blll 

0.992 
0.947 

0.991 
0.962 

0.990 
0.9119 

0.988 
0.991 

0.667 
0.250 

O.BOO 
1.000 

1.000 
1.000 

1.000 
0.900 

Entrain. 
Survival, 

S • e 

100.0 

93.3 

92.6 

9~.1j 

100.0 

86.1 

95.5 

97 .1 

95.9 

100.0 

Latent 
Effects 

Sub- Extended Survival 
E.ill"~ Initial 2lj" _ ij8 "/2;;----,9'""6-

30 
28 

2 
2 

19 
5 

10 
21 

44 
20 

20 
35 

5 
Ij 

65 
311 

27 
lB 

33 
28 

311 
20 

2B 
21 

o 
1 

2 
6 

2 

3 
6 

1.000 0.933 0.933 0.933 0.900 
1.000 1.000 1.000 1.000 1.000 

1.000 1.000 0.500 0.500 0.500 
1.000 1.000 1.000 1.000 1.000 

1.000 0.895 0.895 0.B95 0.895 
1.000 0.600 0.600 0.600 0.600 

1.000 0.900 0.900 0.900 O.BOO 
1.000 0.905 0.905 0.Bl0 0.162 

1.000 0.932 0.8B6 0.66~ 0.B41 
1.000 0.900 0.100 0.550 0.450 

1.000 a .900 0.500 0.150 0.150 
1.000 0.971 0.651 0.451 0.371 

1.000 1.000 1.000 1.000 0.600 
1.000 1.000 1.000 1.000 1.000 

1.000 0.9~3 0.646 0.169 0.662 
1.000 0.912 0.765 0.106 0.559 

1.000 1.000 0.8B9 0.889 0.B52 
1.000 1.000 1.000 1.000 1.000 

1.000 0.939 0.909 0.909 0.909 
1.000 1.000 0.964 0.964 0.96~ 

1.000 1.000 0.941 0.853 0.B53 
1.000 1.000 0.800 0.800 0;650 

1.000 1.000 0.964 0.964 0.9611 
1.000 0.905 0.762 0.114 0.114 

1.000 1.000 1.000 1.000 1.000 

1 .000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 

1.000 1.000 1.000 1 .000 1.000 
1.000 1.000 1.000 1.000 1.000 

1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 

* Se for individual dates have a maximum of 1.000; however, yearly totals can be greater than 1.000. 



TABLE D-2 (CONT.) 

Initial Latent 
Prop. Entrain. Effects 

Mean Temp. DO Condo Salinity Number Number Sur- Survival, Sub- Extended Survival 
Date Station Temp. Range (mg/!) (IlMIIOS) £!L (22 t ) SamEles Collected viving S • sam£.!.L In1 t1n! ~ /la -----E- ~ e 

1 NOV I 10.0 9.9 160 22 0.773 16 1.000 0.938 0.938 0.813 0.688 
0 20.9 9.6 200 68 0.956 100.0 27 1.000 1.000 1.000 0.926 0.815 

15 NOV I 7.1 10.2 150 7.9 143 0.951 61 1.000 0.967 0.918 0.820 0.721 
D 19.6 9.9 200 7.8 131 0.893 93.9 110 1.000 0.900 0.850 0.775 0.475 

6 DEC I 3.6 10.9 970 7.9 1 22 0.909 16 1.000 1.000 1.000 0.929 0.929 
D 16.1 10.5 1,250 7.9 1 36 0.833 91.6 21 1.000 1.000 1.000 1.000 1.000 

Total I 1 2,510 0.979 417 1.000 0.964 0.890 0.830 0.779 
D 1 1,340 0.933 95.3 338 1.000 0.953 0.864 0.805 0.719 

* Se for individual dates have a maximum of 1.000; however, yearly totals can be greater than 1.000. 
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TABLE D-3 INITIAL AND EXTENDED SURVIVAL OF GAMMARUS AT THE BOWLINE POINT PLANT, 
HUDSON RIVER ESTUARY, 1978 

Hean 
TemJ!.~ 

Temp. 

~ . 
2.9 2.0- 4.0 

10.0 8.0-12.0 

6.3 6.0- 1.0 
15.8 15.0-16.0 

15.8 15.5-16.0 
23.5 20.0-26.0 

21.1 21.3-22.0 
21.3 26.0-29.0 

23.1 23.0-23.5 
30.8 29.0-32.0 

21.8 21.6-:>2.0 
26.8 26.0-21.0 

2'1.3 23.8-24.0 
33.5 32.0-35.0 

26.8 26.5-21.0 
36.0 36.0 

26.1 25.7-21.0 
34.0 33.0-36.0 

24.2 23.8-25.0 
32.0 30.0-3'1.0 

21.9 21.6-22.0 
29.0 20.li-3Q.0 

11.3 16.3-18.0 
26.5 26.0-27.0 

00 
i!''1!/tl 

11.6 

10.1 

10.0 

10.6 

9.3 

8.1 

3.9 

1.1 

7.5 

1.5 

8.7 

Comj. 
(IIMIIO~ _£!! 

710 8.1 

110 8.1 

166 7.6 

111 7.~ 

2,680 7.4 

8,260 1.4 

13 ,820 8.0 

6,250 6.9 

7,820 7.6 

10,815 1.11 

6,115 1.6 

7,530 7.3 

Sallnlty 

.....ll!1&. 
0.7 

0.1 

0.1 

0.1 

1.4 

4.9 

0.7 

3.4 

1I.3 

6.1 

4.0 

5.1 

Number 
Samples 

4 
4 

4 
4 

2 
2 

4 
4 

4 
4 

46 
116 

Number 
Collected 

596 
246 

1,319 
373 

1,291 
1,339 

552 
307 

242 
134 

296 
203 

416 
430 

821 
204 

694 
491 

400 
14~ 

'115 
156 

582 
528 

7,692 
4,563 

Inltl81 
Propor·tton 
~ur.1vlng 

0.968 
0.919 

0.918 
0.911 

0.970 
0.919 

0.911 
0.928 

0.926 
0.918 

0.919 
0.812 

0.994 
0.967 

0.950 
0.784 

0.033 
0.980 

0.915 
0.906 

0.969 
0.961 

0.926 
0.965 

0.944 
0.951 

Entrainment. 
Survival, 

S • e 

94.9 

93.1 

100.0 

100.0 

99.1 

94.9 

91.5 

82.5 

100.0 

100.0 

99.2 

100.0 

100.1 

Latent 
Errects Extended Sur. ivaI 

Subsamtl!. Iniilal _3_ ~ __ !L '...:..02.;,:4:.:....-... '1'"'0'---:-12 -96 

168 
152 

18'1 
171 

119 
59 

48 
27 

'II 
50 

96 
28 

128 
13 

199 
q9 

242 
28 

210 
11 

172 
15 

61 
35 

1,614 
708 

1.000 
1.000 

1.000 
1.000 

1.000 
1.000 

1.000 
1.000 

1.000 
1.000 

1.000 
1.000 

1.000 
1.000 

1.000 
1.000 

1.000 
1.000 

1.000 
1.000 

1.000 
1.000 

1,000 
1.000 

0.994 0.9'/6 0.970 0.958 0.958 0.956 0.952 
1.000 1.000 0.900 0.980 0.960 0.980 0.961 

0,967 0.951 0.935 0.924 0.92~ 0.910 0.918 
0.9~3 0.921 0.910 0.90'1 0.90'1 0.898 0.898 

0.992 0.983 0.958 0.933 0.713 0:(06 0.461 
0.983 0.983 0.983 0.983 0.8117 0.712 0.542 

0.956 0.958 0.958 U.192 0.711 0.1<'9 0.729 
0.669 0.615 0.176 0.661 0.630 0.518 ,0.518 

1.000 1.000 1.000 1.000 I.QOO 1.000 1./l00 
1.000 0.960 0.960 0.9"0 0.9'10 0.860 0.800 

1.000 1.000 1.000 0.990 0.990 0.919 0.969 
1.000 1.000 0.929 0.9:'9 0.929 0.929 0.929 

1.000 1.000 1.000 1.000 1.000 1.000 1.000 
0.986 0.986 0.986 0.918 0.918 0.910 0.910 

1.000 1.000 1.000 0.995 0.990 0.950 0.'J35 
0.918 0.818 0.818 0.818 0.618 0.851 0.796 

1.000 0.996 0.996 0.986 0.979 0.946 0.930 
1.000 1.000 1.000 0.929 0.9<'9 0.929 0.929 

0.986 0.976 0.961 0.967 0.933 0.929 0.905 
1.000 1.000 1.000 0.882 0.588 0.529 0.529 

1.000 1.000 1.000 0.99'1 0.930 0.919 0.901 
1.000 1.000 1.000 1.000 0.933 0.800 0.800 

1.000 1.000 0.970 0.955 0.9'10 0.940 0.9'10 
1.000 1.000 1.000 0.9"3 0.91'1 0"'4~ 0.511 

1.000 0.992 0.981 0.980 0.969 0.943 0.926 0.901 
1.000 0.913 0.959 0.946 0.924 0.901 0.664 0.832 

* Se for individual dates have a maximum of 1.000; however, yearly totals can be greater than 1.000. 



TABLE D-4 NUMBER OF ALIVE AND DEAD GAMMARUS COLLECTED AT THE INTAKE 
AND DISCHARGE SAMPLING STATIONS OF THE BOWLINE POINT 
PLANT, 1975, 1976, AND 1978 

1975 1976 1978 
Initial 24-Hr • Initial 24-Hr • Initial 24-Hr • 

Gammarus daiberi 

Intake A 285 137 2,435 391 X 
D 54 13 53 14 X 

Discharge A 135 56 1,244 320 X 
D 21 13 89 16 X 

Gammarus tigrinus 

Intake A 7 4 17 7 X 
D 3 0 0 0 X 

Discharge A 4 4 4 0 X 
D 0 0 1 0 X 

Gammarus fasciatus 

Intake A 1 1 X X 
D 0 X X 

Discharge A 0 0 X X 
D 1 0 X X 

Gammarus spp. 

Intake A 14 4 5 4 7,265 1,623 
D 2 10 0 1 427 51 

Discharge A 27 12 2 2 4,339 654 
D 0 15 0 0 224 56 

Total Gammarus 

Intake A 307 145 2,457 402 7 ,265 1 ,623 
D 60 23 53 15 427 51 

Discharge A 166 72 1 ,250 322 4,339 654 
D 22 31 90 16 224 56 



TABLE D-5 RESULTS OF THREE-WAY CONTINGENCY AN~~YSIS FOR INDEPENDENCE AMONG 
YEAR, STATION, AND INITIAL AND 24-HOUR SURVIVAL FOR GAMMARUS 
COLLECTED AT THE BOWLINE POINT PLANT, 1975, 1976, AND 1978 

INITIAL 

Source 

Year x station independence 

Station x survival independence 

Year x survival independence 

Year x station x survival interaction 

Year x station x survival independence 

24-HOUR 

Source 

Year x station independence 

Station x survival independence 

Year x survival independence 

Year x station x survival interaction 

Year x station x survival independence 

Note: 

df = degrees of freedom 
G = test statistic 
* denotes p~O.05 
** denotes p~0.001 

df G 

2 9.28* 

1.34 

2 89.78** 

2 51.78** 

7 152.18** 

df G 

2 57.82** 

34.20** 

2 75.76** 

2 2.76 

7 170.54** 



TABLE D-6 CORRELATION COEFFICIENTS OF INITIAL AND LATENT SURVIVAL VS. TEMPERATURE AND CONDUCTIVITY 
OF GAMMARUS COLLECTED AT THE BOWLINE POINT PLANT, 1975, 1976, AND 1978 

1975 
r n 

Initial 

Intake -0.234 9 

Discharge -0.548 9 

24-Hours 

r = 
n = 
** = 
NM = 

Intake -0.483 

Discharge -0.330 

correlation coefficient 
sample size 

9 

9 

significant at 0.05 level 
not meas ured 

Temperature (C) 
1976 

r n 

0.255 19 

-0.138 19 

0.229 18 

0.210 19 

Conductivitl 
1978 1976 1978 

r n r n r 

-0.451 12 -0.309 19 -0.125 

-0.036 12 -0.185 13 

-0.246 12 0.415 17 0.577** 

-0.193 12 0.133 13 

n 

12 

NM 

12 

NM 



TABLE D-7 RESULTS OF THREE-WAY CONTINGENCY ANALYSIS FOR INDEPENDENCE 
AMONG OBSERVATIONS, PUMP OPERATION MODE, AND SURVIVAL FOR 
GAMMARUS COLLECTED AT THE BOWLINE POINT PLANT, 1975, 1976, 
AND 1978 

Source 

Pump operation x survival independence 

Pump operation x observation 
independence 

Observation x survival independence 

Pump x survival x observation 
interaction 

Pump x survival x observation 
independence 

Note: 

df = degrees of freedom 
G = test statistic 
* denotes p<0.05 
** denotes p~0.001 

df 

3 

3 

3 

10 

G 

28.60** 

29.52** 

34.48** 

6.00 

98.60** 
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29 JUL 
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31 JUL 
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16 DEC 

Total 

Station 

I 
D 

1 
D 

I 
D 

I 

I 
D 

I 
D 

TABLE D-8 INITIAL AND LATENT SURVIVAL OF NEOMYSIS AMERICANA AT THE BOWLINE POINT PLANT, 
HUDSON RIVER ESTUARY, 1975 

Sa11- Initial 
Mean Temp. 110 Cond. ni ty NUmbp.r Numbpr PI'oport ton 
!~..!. 2~ ~~ (lIMIIOSl • ...E!! 1e£.tl. ~les 011ecte~ Surviv.!.ll/L 

27.0 

27.0 

28.0 
36,0 

28.0 
36.0 

28.5 
36.0 

20.0 

19.6 

5.7 5.Q- 6.0 11.6 
11.1111.3-11.4 11.8 

2,210 7.7 1.1 
2,485 1.5 1.3 

2 

2 
2 

10 
5 

2 
2 

2 
2 

11 
6 

3 

19 
31 

46 
41 

0.000 

1.000 

0.000 
0.000 

1.000 
0.000 

0.116 
0.500 

Q.OOO 

0.000 

0.368 
0.839 

0.283 
0.707 

Entrainment 
Survival, 

S • e 

100.0 

249.8 

Latent 
Effects Extended SurvivRl:':.,,-__ ~_. 

Subsample .!!tUlal _6_ 12 24_ ~ -1'L -1L 

o 

2 

3 
3 

1 
26 

12 
29 

1.000 1.000 0.000 0.000 0.000 0.000 0.000 

1.000 1.000 0.661 0.667 0.661 0.333 0.333 
1.000 1.000 0.661 0.333 0.333 0.333 0.333 

1.000 0.114 0.114 0.114 0.714 0.S71 0.571 
1.000 0.885 0.692 0.6511 0.500 0.500 0.385 

1.000 0.833 0.583 0.583 0.583 0.500 0.500 
1.000 0.891 0.690 0.621 0.483 0.1163 0.319 

* Se for individual dates have a maximum of 1.000; however, yearly totals can be greater than 1.000. 



TABLE D-9 INITIAL AND LATENT SURVIVAL OF NEOMYSIS AMERICANA AT THE BOWLINE POINT PLANT , 
HUDSON RIVER ESTUARY, 1916 

Initi.al Latent. 
Prop. Entrain. Effects 

Mean Temp. DO Condo Sa I tufty Number Number Sur- Survival, Sub- Extended Survival 
Dale Sta t Ion Temp. Hanse (mg/R.) (IJMIIOS) £.!!... ~u... Samples Collect;.~q vlvl£1L 

S • sample Iii it ial 2Jj' 48 -E.. _ _ .2!L. e 

26 JUL I 2Q.5 5.8 792 28 0.857 13 1.000 0.8116 0.8~6 0.692 0.538 

D 34.0 33 0.39~ 46.0 6 1.000 0.3'15 0.125 0.125 0.125 

9 AUG I 25.0 2,,'00 2.0 40 0.725 21 1.000 0.571 0.476 0.333 0.238 

D 32.0 2,450 2.0 59 0.676 93.5 23 1.000 

23 AUG I 26.0 8.2 4,0]0 3.0 8 1.000 6 1.000 1.000 1.000 0.667 0.500 

D 35.0 9.2 11,030 3.0 6 0.333 0 

13 SEP I 23.5 7.3 2,020 7.5 74 0.851 38 1.000 0.769 0.~14 0.394 0.211 

D 33.0 2,010 7.3 55 0.673 79.1 15 1.000 0.733 0.533 0.1167 0.267 

27 SEP I 21.0 37 0.919 23 1.000 0.870 0.609 0.609 0.609 

D 29.0 7.8 16 0.862 96.0 35 1 .000 0.800 0.7113 0.7 til 0.657 

OCT I 18.9 7.9 335 7.4 64 0.891 24 1.000 0.833 0.667 0.~58 0.250 

D 28.3 7.6 405 6.7 102 0.633 93.5 36 1.000 0.917 0.778 0.639 0.556 

25 OCT 12.8 9.3 250 0.500 1.000 0.000 0.000 0.000 0.000 

6 DEC 3.6 10.9 970 7.9 31 0.639 26 1.000 0.808 0.769 0.692 0.692 

D 16.1 10.5 1,250 7.9 14 0.429 51.1 6 1.000 0.667 0.667 0.500 0.333 

Total I 286 0.850 152 1.000 0.796 0.625 0.513 0.401 

D 349 0.728 85.6 123 1.000 0.789 0.642 0.537 0.439 

* Se for individual dates have a maximum of 1.000; however, yearly totals can be greater than 1.000. 



TABLE D-10 INITIAL AND LATENT SURVIVAL OF NEOMYSIS AMERICANA AT THE BOWLINE POINT PLANT, 
HUDSON RIVER ESTUARY, 1978 

.. ~!~.t_~_. !.>I.;)!J(I~~ 

;:>11 I1AIt 

2fJ .l1m 

5 JUl. 

18 .1111. 

"I Atlt: 

;"8 "'m 

11 :;t-:r 

1', m':I' 

16 OCT 

" 
lcota 1 

W-.. II 
X~ml~! . 

1l:fJIp. 

~._~£!!!e~~ _ 

3.3 ;1.6. '1.0 

2,.1 ?l.O-2'L"i 
30.11 

21.8 21.6-2?0 
;>6 :{ }(,.O -21 ,0 

;>11.3 n.D_2ft.a 

11.'.1 {;~.O_~'i.O 

76.6 ?6.5-l."I.0 
36,0 

;6.1 2S.1-n.o 
35.1 3".0-36.0 

;!',.2 ?3.A-2~j.O 

32.0 30.0-3'1 .0 

".9 21.6-27.0 
29.0 z8.lj-~().(l 

'7.) '6.3-tU.o 
21 •• 5 26.0-21.0 

flU COW,. 

.t1l.1£!J.1 J~t1~.~;!! _.r.U 

11.6 7'10 8 •• 

?3 7. ,660 7.4 

0.7 R,'i111 7.r, 

3.9 '3,8?II 8.0 

(J ,21)0 6.9 

7.1 7.6,0 7.6 

1.5 10 l Rtttl 1.'1 

7.5 6 1715 1.(1 

8.7 7,530 7.3 

S.llJnJty thlmbcr NUII'b~r 

_trE·t_ §!!!!~.!.~!! ~!~,!.tl~..'l 

0.7 

1.'1 

5.0 

0.7 

3.4 

4.3 

6.1 

~ .0 

5.' 

J~ 
28 

()Ift 

H,') 

lit] 

'/2 

71" 
)05 

404 
59 

221 
46 

300 
11" 

7112 
710 

1,11l2 
•• 246 

5,.65 
2,?37 

InHJ,} 
tl"opm't.IOo 
£!!!:y_tvJ.~!!L 

LooO 

(1.615 
O.b'B 

O.H5 
0.661 

0.~(l6 

0.'/1'/ 

0.965 
0.268 

11.778 
0)1',6 

0.8~5 
0.8')5 

0.'/(·9 
0.639 

0.910 
0.913 

0.646 
O.M" 

f.nlra )llmNIt-. 

:jul'v Iva A • 
S· 

--~----

9' .6 

86 •• 

uc;.f. 

?9.6 

'j8,6 

'00.0 

100.0 

wrJ.o 

H}2.1 

l.atf'nt 
f.'h'('t3 

~~~1!!1.~P !~ 

10 
.a 
90 
310 

9, 
3' 

52 

65 
8 

.27 
4" 

tt8 
68 

76 
66 

693 
31t 

ElCt(>niJ('t1 .':'wv]Y.1J 
F']Ili!-~=-r-- 6 " __ -- .~~.1L--~1i[-·- -=_i.i9~-··-·_~~!}·~~· -_:.2f: 

1.000 1.000 0.90(1 0.9113 0.929 0.900 O.6!j7 Q.6;.'9 
t.UOO 0.91111 0.1"18 O;{"l O:{l? 0.U2 n. ]H9 0.:>'/8 

1.000 0.97~ 0.816 0.8(.7 0.6?l 11.7(.1 0,,(44 O.~>? 
1.oot) I.non 0.9·/2 0.9"12 0.91'( 0.911 O.QJ7 (I.S.H 

1.000 0.9r.o 0.94', 0.91'/ O.OB" 0.711'/ 0.7.6 0.116 
1.000 •• 0110 1.000 0.%0 0.903 0.'/"2 0.6'/7 0.6/1 

1.0no 0.9£.1 0,92"1 0,'/88 U.59(, 0. /161 U.l(") 0.1'(1 

'.000 0.985 0.905 ".9~5 0.9b9 0.661 0.(0101 0.51a 
1.000 1.000 1.000 U:I'.)O 0.625 0.6;.1') 0.67'" 0,(.20; 

1.000 0 .. 9611 o.!)(} I 0.921 0.91] O.~II:> O,'{OI O.~iil 
'.000 '.0(10 0.917 0.909 0.011f 0.173 0.(>J6 0.S68 

1.(100 O.97~ O.9'i6 0,9111 O.c;I?1t u,8~~?' 0.111b 0.61') 
1.000 U • .,j2 0'.6'15 n.6H' (\.761 0.511 0.'.20 O.?O'I 

1.000 0.9100 0.960 0.93
" 

0.93" 0.92' 0.068 0.1'/6 
1.000 O.9U8 0.988 0.9('5 0.910 0.61'9 0.11(,5 O.3~·1 

1.000 1).91(. 0.949 0.9J9 o_MS 0.801, O:IQI O.'yrt 
1.000 0.9"11 0.9112' 0.891 0.0'1(. 0.111 o.r~II(J 0.'01\ 

* Se for individual dates have a maximum of 1.000; however, yearly totals can be greater than 1.000. 



TABLE D-11 RESULTS OF THREE-WAY CONTINGENCY ANALYSIS FOR INDEPENDENCE AMONG 
YEAR, STATION, AND INITIAL AND 24-HOUR SURVIVAL FOR NEOMYSIS 
AMERICANA COLLECTED AT THE BOWLINE POINT PLANT, 1975, 
1976, AND 1978 

INITIAL 

Source 

Year x station independence 

Station x survival independence 

Year x survival independence 

Year x station x survival interaction 

Year x station x survival independence 

24-HOUR 

Source 

Year x station independence 

Station x survival independence 

Year x survival independence 

Year x station x survival interaction 

Year x station x survival independence 

Note: 

df = degrees of freedom 
G = test statistic 
* denotes p<O .05 
** denotes p~0.001 

df G 

2 156.70** 

0.14 

2 78.02** 

2 32.38** 

7 267.24** 

df G 

2 40.00** 

4.76* 

2 46.98** 

2 -3.42 

7 88.32** 



TABLE D-12 CORRELATION COEFFICIENTS OF INITIAL AND LATENT SURVIVAL VS. TEMPERATURE AND 

CONDUCTIVITY OF NEOMYSIS AMERICANA COLLECTED AT THE BOWLINE POINT PLANT, 
1975 , 1976, AND 1978~~ -~~~- ----

1975 
r 

Initial 

Intake 0.149 

Discharge -0.819 

24-Hours 

Intake -0.534 

Discharge -9.999** 

r = correlation coefficient 
n = sample size 
** = significant at 0.05 level 
NM = not measured 

TemEerature (C) 
1976 

n r n 

8 0.356 8 

4 -0.009 7 

3 0.318 7 

2 -0.674 5 

Conductivit~ 

1978 1976 1978 
r n r n r 

-0.471 9 0.140 7 0.015 

-0.685** 8 -0.212 5 

-0.413 8 0.438 7 0.088 

-0.585 7 -0.731 3 

n 

9 

NM 

8 

NM 



TABLE D-13 INITIAL AND LATENT SURVIVAL OF CHAOBORUS PUNCTIPENNIS AT THE BOWLINE POINT PLANT, 
HUDSON RIVER ESTUARY, 1975 

Sali-
Mcan Temp. DO Coml. nUy Number Number' 

Entrainment 
Survival, 

La tent 
Effects Extended Survival 

_l~~~_ ~latlqr:! ~.!!!I!.!. _~ (melt) 1!!NIIOS) --E!! J.£ill Samples Coll~te1 

InitIal 
Proportion 
Surviving S • e Subs~~p'!~ Initl~-_ 6~~ _2~_ ~ ~ --.2£ 

29 ,Ill!. 

30 ,JUL 

31 JUL 

AUG 

'i AUG 

29 Sl,:r 

3U SEI' 

I OCT 

1(, I!E:C 

Tot" I 

I 
() 

D 

D 

II 

D 

I 
Ii 

I 
II 

I 
D 

D 

D 

2'7.0 
35.0 

27 .0 
37.0 

28.0 
36.0 

28.0 
36.0 

28.5 
36.0 

20.0 
28.5 

20.0 
28.5 

20.0 
2"l .5 

5.ij 5.ij 11.6 
11 .I! ~ 1.3 . ~ 1 .I! 11.8 

2,210 7.7 1.1 
2,J!J!5 7.5 1.3 2 

9 
10 

51 
1~ 

319 
306 

292 
102 

59 
3~ 

175 
93 

2 
1 

3 
3 

II 

9 

2 
5 

907 
567 

0.804 
0.6~3 

0.91PI 
0.951 

0.966 
0.863 

0.915 
0.882 

0.1l80 
0.925 

0.000 
1.000 

1.000 
1.000 

1.000 
0.889 

1.000 
1 .. 000 

0.92'7 
0.919 

80.0 

100.0 

89.3 

96. 11 

100.0 

99.1 

211 

3 

90 
98 

'/6 
40 

110 
30 

55 
28 

a 
1 

1 
3 

II 

B 

2 
3 

292 
214 

1.000 0.956 0.958 0.762 0.1117 0.1117 0.292 
1.000 1.000 1.000 1.000 0.667 0.667 0.333 

1.000 1.000 0.978 0.878 0.61111 0.522 0.1167 
1.000 1.000 1.000 0.867 0.7211 0.6113 0.602 

1.000 0.987 0.97~ 0.921 0.711 0.658 0.579 
1.000 0.915 0.950 0.900 0.800 0.800 0.800 

1.000 1.000 1.000 1.000 0.925 0.825 0.725 
1.000 0.967 0.96'7 0.967 0.900 0.833 0.833 

1.000 1.000 1.000 0.9611 O. 909 0.782 0.616 
1.000 1.000 0.929 0.857 0.786 0.601 O.lUl 

1.000 1.000 1.000 1,000 1.000 1.000 1.000 

1.000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 

1.000 0.250 0.250 0.000 0.000 0.000 0.1)00 
1.000 1.000 1.000 I.UOO 1.000 1.000 1.000 

1,000 1.000 1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 1.000 1.000 

1.000 0.983 0.973 0.90ij 0.692 0.6ij4 0.548 
1.000 0.991 0.977 0.897 0.790 0.724 0.631 

* Se for individual dates have a maximum of 1.000; however, yearly totals can be greater than 1.000. 



TABLE D-1~ INITIAL AND LATENT SURVIVAL OF CHAOBORUS PUNCTIPENNIS AT THE BOWLINE POINT PLANT, 
HUDSON RIVER ESTUARY, 1976 

Mean Temp. 00 Caud. 

Initial 
Pi'Op. 

Sa linity Number Number Sur-
Date_ Station ~-!. _~~ (mg/~). (\.II1HOS) ~ iEE.!:l.. Samples Collected viving_ 

5 APR 

26 APR 

10 ~lAY 

211 HAY 

7 JUII 

21 JUN 

12-13 
JUt. 

26 .lUI.. 

9 AUG 

23 AUG 

13 Sf;P 

27 SEP 

4 OCT 

25 OCT 

1 NOV 

15 NOV 

Tota 1 

o 

D 

I 
o 

o 

I 
o 

IJ 

I 
IJ 

I 
D 

IJ 

o 

I 
D 

I 
D 

I 

I) 

I 
II 

7.8 

10.6 
19.5 

15.8 
25.2 

16.5 
23.5 

23.5 

23.9 22.8-25.0 
30.0 28.0-32.0 

25.6 25.1-26.0 
30.2 30.0-30.3 

24.5 
31'.0 

25.0 
32.0 

26.0 
35.0 

23.5 
33.0 

21.0 
29.0 

18.9 
28.3 

12.8 

10.0 
20.9 

7.1 

10.9 

9.6 
9.3 

9.5 
9.0 

9.6 

7.5 

5.8 

8.2 
9.2 

7.3 

7.9 
7.6 

9.3 

9.9 
9.6 

10.2 

120 7.9 

58 7.9 
67 1.8 

130 7.5 
170 7.9 

130 7.2 

165 

250 7.9 

792 

2,700 
2,Il50 

2.0 
2.0 

1l,030 3.0 
4,030 3.0 

2,020 7.5 
2,010 7.3 

7.8 

335 7.4 
1105 6.7 

250 

160 
200 

150 7.9 

2 
2 

2 
2 

17 
15 

2 

6 

9 

6 
52 

18 
11 

16 

" 6 

288 
180 

75 
102 

81 
32 

11/7 
33 

17 
11 

6 
II 

3 
1 

17 

6 
~ 

2 

684 
,,61 

1.000 

1.000 
1.000 

0.661 
0.962 

1.000 
0.818 

0.938 

0.150 
0.833 

0.983 
0.939 

0.960 
0.961 

0.943 
0.875 

0.980 
0.909 

1.000 
1.000 

1.000 
1.000 

1.000 
1.000 

1.000 

1.000 
1.000 

1.000 

0.972 
0.939 

Entrain. 
Survival, 

S • e 

81.8 

95.5 

100.0 

92.8 

92.8 

100.0 

96.6 

Latent 
Effects 
Sub- Extended Surviva 1 

salOp le_ InHial 2ij --"liB 72 _ 9iJ-

2 

6 
9 

4 
49 

16 
9 

15 

I, 
6 

37 
38 

31, 

43 

30 
21 

36 
26 

17 
11 

6 
3 

3 
1 

17 

6 
Il 

2 

220 
235 

1.000 1.000 1.000 1.000 1.000 

1.000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 1.000 

1.000 1.000 1.000 1.000 0.750 
1.000 1.000 1.000 1.000 1.000 

1.000 1.000 0.936 0.875 0.875 
1.000 1.000 1.000 1.000 1.000 

1.000 1.000 1.000 1.000 0.667 

1.000 1.000 1.000 1.000 0.150 
1.000 1.000 0.250 0.250 0.250 

1.000 0.9Q6 0.919 0.730 0.405 
1.000 0.914 0.895 0.163 0.605 

1.000 0.9110.9120.82'10.706 
1.000 1.000 0.977 0.884 0.884 

1.000 0.967 0.900 0.700 0. 1167 
1.000 0.952 0.905 0.851 0.762 

1.000 0.9114 0.750 0.639 0.528 
1.000 1.000 0.885 0.692 0.500 

1.000 1.000 1.000 1 .000 1.000 
1.000 1.000 0.909 0.909 0.909 

1.000 1.000 0.833 0.833 0.833 
1.000 1.000 1.000 0.667 0.333 

1.000 1.000 1.000 1.000 1.000 
1 .000 1.000 1.000 1.000 1.000 

1.000 1.000 1.000 0.941 0.941 

1 .000 1.000 1.000 1.000 1.000 
1.000 1.000 1.000 0.750 0.750 

1 .000 1 .000 1 .000 1 .000 1 .000 

1.000 0.973 0.909 0.809 0.677 
1.000 0.979 0.9

"
0 0.868 0.791 

* Se for individual dates have a maximum of 1.000; however, yearly totals can be greater than 1.000. 



* 

TABLE D-15 INITIAL AND LATENT SURVIVAL OF CHAOBORUS PUNCTIPENNIS AT THE BOWLINE POINT PLANT, 
HUDSON RIVER ESTUARY, 1978 

_!:--t_c 

to APII 

7? flAY 

V.IUN 

2(, .11I1l 

') .1111. 

10 .11Il. 

?6 AUG 

'"Ilt-.l 

;~t~,~~ ~I~ 

II 

Hr'an 
T~(:I!!I' .:. 

/..0 

Tl'tllJl. 
___ II.~II~!, .. 

Ir,.O 1~.'.;-16 ,II 
?1.!1 ;m.u_)(,.o 

?1.7 21.3-??.O 
n.) ('(,,1)-;;').0 

?l.? 23 .0-?3.~ 
~().o 79.U-31.0 

11.9 ~'.6_;?7.n 

;'6.0 

?II.3 :-l.n-:'/j ,R 

P.II 

lfl.? 2S,'l-n.o 

Se for individual dates 

flO 

~~~~l 

W,'[ 

10.1 

10.11 

(Ll 

9.1 

1.7 

7 .~ 

(;Plld. 

~O!I'!I!\);>l .. l!.'! 

lin 8.1 

16. '/.0 

111 1.'1 

2/1110 1.11 

O,I'tO 1.11 

',)82 1.9 

7.'/'/0 1.6 

:;",lhlily 
__ .!prt.L 

0.1 

0.1 

0.1 

I .~ 

~ .9 

0.7 

11.7. 

1I111nhnr IIlImh".' 
~.nll't~~~ f2J!~~~ 

20 
12 

n 
117. 

I~ 

IJ 

n 
f 

11 

O~ 

65 

ll1lttf\1 
PrOIH'I't.loli 
~I.!~':'~_! ~ 1!!£. 

1.000 

0.002 
0.9/6 

O.6~7 
0.61'6 

1.000 
0.A~1 

I.QOO 
1.000 

1.000 
'.P(lO 

0.7.'';0 

O.{i';'1 

0.H6 

have a maximum of 1.000; however, 

Fotl'alnu: ... n!, 
SUl'vlval, 

--~!:*- --_. 

10(),O 

90,1) 

109.5 

I.ilt~nl 

F.f(l1c:t~ 

;;.!.!~~.n~.lr.!!:. 

I~ 
31) 

12 
II 

22 

1'/ 

10 
'>6 

Fox "('lIdOtI Sun j '1ft 1 
Ii!EjjI- _.J~=:-~L~- ~"1?=--'-·.~ .. gi{~"---~."~~"---~1r:'"4" "!iG-

I.Clun 
I.OOCl 

l,ono 
l.noO 

I.(lno 
1.000 

1.000 
1.000 

1.000 
t .0011 

I.OI}() 

1.0no 
1.000 

1.000 I.ono 1.000 1.000 1.00U I.unu 0,6110 
1.IIUO I.OllO I.UOO 1.noo l.flOO 1,(JOO 0.816 

1.000 1.000 I.not) 0,1)1"1 O,1S0 O.7~O 0.500 
1.000 1.0110 1.000 O.9()'l O.I}O') 0.'",1,-; 0.<-'13 

1.000 1.000 I.UlIO 0.909 0.909 0.1('7 0.'J9'J 
1.000 1.000 I,OIJO l.t)UO 1.000 0.")011 0.'>110 

1.(lOO 1,000 1.000 t .nOO 1.0110 O.fW? O.A;'" 
I .(l00 1.000 1.000 1.1)00 1,000 1.(J00 I,OUO 

1.UOO I.ono 1.000 I.HOO 0.M11 0.(,1,7 0'(.(," 
1.000 I.UOO 1.00n o ,'jtlO 0.000 O,nno (J,nuo 

t .000 I.UCla 1,000 I.OUO 1.000 l.flUO 1.000 

1.0UO 1,000 1.000 0.9'i"I 0.1)00 £1.8( 1
) 0,(129 

1.!J00 l.000 I.OUO 0.96(, 0.9'-8 0,0(.'6 0.6("6 

yearly totals can be greater than 1 .000. 



TABLE D-16 RESULTS OF THREE-WAY CONTINGENCY ANALYSIS FOR INDEPENDENCE AMONG 
YEAR, STATION, AND INITIAL AND 24-HOUR SURVIVAL FOR CHAOBORUS 
PUNCTIPENNIS COLLECTED AT THE BOWLINE POINT PLANT, 1975, 
1976, AND 1978 

INITIAL 

Source 

Year x station independence 

Station x survival independence 

Year x survival independence 

Year x station x survival interaction 

Year x station x survival independence 

24-HOUR 

Source 

Year x station independence 

Station x survival independence 

Year x survival independence 

Year x station x survival interaction 

Year x station x survival independence 

Note: 

df = degrees of freedom 
G = test statistic 
* denotes p<0.05 
** denotes p~O.001 

df 

2 

1 

2 

2 

7 

df 

2 

1 

2 

2 

7 

G 

2.00 

2.00 

18.70** 

8.42* 

31 .12** 

G 

83.00** 

1 .86 

32.36** 

-1.54 

115.68** 



TABLE D-17 CORRELATION COEFFICIENTS OF INITIAL AND LATENT SURVIVAL VS. TEMPERATURE AND 
CONDUCTIVITY OF CHAOBORUS PUNCTIPENNIS COLLECTED AT THE BOWLINE POINT 
PLANT, 1975, 1976 AND 1918 

Tem2era ture (C) Conductivitx: 
1915 1916 1978 1916 1978 
r n r n r n r n r n 

Initial 

Intake 0.027 9 -0.280 15 -0.571 7 0.134 14 0.016 7 

Discharge -0.411 9 -0.160 13 -0.052 5 -0.115** 7 NM 

24-Hours 

Intake 0.127 9 -0.568** 15 -0.038 6 -0.628** 14 0.544 6 

Discharge -0.592 9 -0.219 13 -0.135 5 -0.321 7 NM 

r = correlation coe fficient 
n = sample size 
** = significant at 0.05 level 
NM = not measured 



_Uate 

29 JUI, 

30 JUI. 

31 JUL 

'I nUB 

5 AUG 

29 SI,P 

30 SEP 

1 OCT 

16 DEC 

Total 

TABLE D-18 INITIAL AND LATENT SURVIVAL OF MONOCULODES EDWARDS I AT THE BOWLINE POINT PLANT, 
HUDSON RIVER ESTUARY, 1975 

Sa11- InHial Entrainment Latent 
MeeHl Temp. DO Cond. nlty NUlllber Number PropoI't ion Survival, Effects ~x tended Surv 1 va 1. 

~allon Ten~ ~- ~.!J. OIMI!Q.~). .-£.!! i£ill ~ples Collected Survi~ 
S • e Subsam~ Initial _6_ 12 ~ 48 

2".0 2 0.000 a 
D 35.0 5 0.200 1.000 1.000 1.000 1.000 1.000 

I 27.0 12 0.667 8 1.000 1.000 1.000 0.250 0.000 
D 37.0 8 0.875 0 

t 28.0 37 0.919 9 1.000 0.889 0.889 ,0.778 0.778 
D 36.0 23 0.3

'
18 37.9 3 1.000 1.000 1.000 0.000 0.000 

I 28.0 21 0.762 9 1.000 1.000 0.889 0.889 0.B89 
D 36.0 29 0.931 100.0 16 1.000 1.000 1.000 0.938 0.938 

28.5 103 0.1185 14 1.000 1.000 1.000 0.929 0.857 
D 36.0 41 0.8511 100.0 9 1.000 1.000 1.000 1.000 1.000 

20.0 67 0.791 111 1.000 0.657 0.714 0.643 0.1113 
D 28.5 21 0.556 70.3 13 1.000 0.923 0.538 0.538 0.1162 

I 19.8 19.5-20.0 2 63 0.746 35 1.000 0.600 0.543 0.457 0.400 
D 26.0 23.5-2B.5 2 61 0.'[38 98.9 26 1.000 0.731 0.654 0.577 0. 1162 

I 20.0 8 0.625 a 
D 27.5 33 0.455 10 1.000 0.600 0.600 0.500 0,1100 

5:r 5,11-6.0 11.6 2,210 7.7 1.1 23 1.000 4 1.000 1.000 1.000 1.000 1.000 
D 11.11 11.3-11.4 11.7 2,485 7.5 1.3 49 0.959 95.9 1111 1.000 1.000 1.000 1.000 1.000 

I 10 336 0.702 93 1.000 0.817 0.763 0.6311 0.505 
D 10 276 0.707 100.7 122 1.000 0.902 O.BIPI 0.803 0.746 

* Se for individual dates have a maximum of 1.000; however, yearly totals can be greater than 1.000. 

------
--R. _2L 

0.000 0.000 

0.000 o.oon 
.1 
I 

0.718 0.4114 
0.000 0.000 

0.889 0.889 
0.813 0.813 

0.733 05/1 
1.000 1.000 

0.000 0.001) 
0.211 O.OTT 

0.343 0.3111 
0.462 0.462 

0.400 0.200 

1.000 1.000 
1.000 0.977 

0.419 0.355 
0.705 0.639 



TABLE D-19 INITIAL AND LATENT SURVIVAL OF MONOCULODES EDWARDSI AT THE BOWLINE POINT PLANT, 
HUDSON RIVER ESTUARY, 1976 

lnltla 1 Latent 
PI·Op. F.ntraln. Effects 

Mean Temp. DO Condo SalInity Number Number Sur- Survival, Sub- Ex tended SUI'V i v(ll 

~t~_ Station Temp. ~~ ~ (I1MIIOS) E.!!- ~_ Samples Collected ~_~':'l!:!8_ 
S • 

sample Initial ~ 48 - 72 96-:: e 

H MAil I 3.2 13.4 11 7.7 16 0.938 13 1.000 0.385 0.385 0.385 0.308 
n 11.0 12.3 129 7.4 16 0.938 100.0 12 1.000 0.500 0.417 0.333 0.333 

23 MAR I 5.3 12.7 250 7.B 103 1.000 70 1.000 0.900 0.900 0.900 0.900 
0 14.1 11.3 290 7.9 151 0.960 96.0 5B 1.000 0.9

'
18 0.948 0.9 '18 0.9'18 

5 APR I 'r .8 10.9 120 7.9 178 0.899 43 1.000 0.256 0.209 0.209 0.209 
0 16.8 9.7 160 7.9 35 0.829 92.2 20 1.000 0.600 0.550 0.550 0.550 

26 APn I 10.6 9.8 58 7.9 19 0.895 8 1.000 1.000 1.000 1.000 1.000 
0 19.5 9.3 67 7.8 7 0.851 5 1.000 1.000 1.000 1.000 1.000 

10 MAY 15.8 9.5 130 7.5 16 0.688 6 1.000 0.167 0.000 0.000 0.000 
D 25.2 9.0 170 7.9 85 1.000 100.0 0 

2'1 MAY 16.5 9.6 130 1.2 1.000 1 1.000 0.000 0.000 0.000 0.000 
D 23.5 11 1.000 2 1.000 1.000 1.000 1.000 0.000 

7 ,JUN D 23.5 15 0.933 6 1.000 0.661 0.333 0.167 0.000 

21 JUN I 23.9 22.8-25.0 165 2 5 0.800 0 
D 30.0 28.0-32.0 2 9 0.778 3 

12-13 1 25.6 25.1-26.0 1.5 250 7.9 2 6 1.000 0 
JUL 0 30.2 30.0-30.3 2 10 1.000 0 

26 ,JUL 1 211.5 5.8 792 2 1.000 0 
D 34.0 3 0.667 2 1.000 1.000 1.000 1.000 1.000 

9 AUG 25.0 2,700 2.0 26 0.923 6 1.000 1.000 1.000 1.000 1.000 
D 32.0 2,450 2.0 19 0.9 '17 100.0 0 

23 AIJG 26.0 8.2 4,030 3.0 61 0.967 19 1.000 1.000 1.000 1.000 0.8112 
0 35.0 9.2 11,030 3.0 45 0.956 98.9 18 1.000 0.94 11 0.B33 0.B33 0.B33 

13 Sgp 23.5 7.3 2,020 7.5 7 1.000 6 1.000 0.667 0.661 0.667 0.333 
D 33.0 2,010 7.3 2 1.000 0 

2'{ SE.P 21.0 1.000 0 
D 29.0 7.8 1.000 0 

'I OCT 18.9 1.9 335 1.4 2 1.000 1.000 1.000 1.000 1.000 1.000 
D 28.3 1.6 1105 6.7 2 0.500 1.000 1.000 1.000 1.000 1.000 

* Se for individual dates have a maximum of 1.000; however, yearly totals can be greater than 1.000. 



TABLE D-19 (CONT.) 

Initial Latent 
Prop. Entrain. Effects 

Mean Temp. 00 Condo Salinity Number Number Sur- Survival, Sut>- Extended Survival 

~ Station Temp. -~ ~ (ll~tUQ.~ £!L (eEt) Samples. Collected viving S • samplll- InUia 1 24 li"8 ~ _3b e 

25 OCT 12.8 9.3 250 2 0.500 0 
0 2~.7 9.0 280 2 1.000 2 1.000 1.000 1.000 1.000 1.000 

1 NOV r 10.0 9.9 160 1.000 1 1.000 1.000 1.000 1.000 1.000 

D 20.9 9.6 200 0.750 2 1.000 0.500 0.500 0.500 0.500 

15 NOV J 7.1 10.2 150 7.9 3 1.000 0 

D 19.6 9.9 200 7.8 8 0.875 3 1.000 0.667 0.667 0.667 0.667 

6 DEC I 3.6 10.9 970 7.9 1.000 1.000 1.000 1.000 1.000 1.000 

0 16.1 10.5 1,250 7.9 1.000 1.000 1.000 1.000 1.000 1.000 

Total I 20 ~50 0.929 175 1.000 0.666 0.67~ 0.669 0.623 

D 21 ~26 0.911~ 101.6 132 1.000 0.833 0.773 0.773 0.750 

* Se for individual dates have a maximum of 1.000; however, yearly totals can be greater than 1.000. 



TABLE D-20 RESULTS OF THREE-WAY CONTINGENCY ANALYSIS FOR INDEPENDENCE AMONG 
YEAR, STATION, AND INITIAL AND 24-HOUR SURVIVAL FOR MONOCULODES 
EDWARDSI COLLECTED AT THE BOWLINE POINT PLANT, 1975 AND 
1976 

INITIAL 

Source 

Year x station independence 

Station x survival independence 

Year x survival independence 

Year x station x survival interaction 

Year x station x survival independence 

24-HOUR 

Source 

Year x station independence 

Station x survival -independence 

Year x survival independence 

Year x station x survival interaction 

Year x station x survival independence 

Note: 

df = degrees of freedom 
G = test statistic 
* denotes p<O .05 
** denotes p~0.001 

df G 

1 .81 

0.94 

1 145.29** 

1 -0.12 

4 147.91** 

df G 

9.58* 

15.74** 

0.24 

0.86 

4 26.42** 



TABLE D-21 CORRELATION COEFFICIENTS OF INITIAL AND LATENT SURVIVAL 
VS. TEMPERATURE AND CONDUCTIVITY OF MONOCULODES 
EDWARDSI COLLECTED AT THE BOWLINE POINT PLANT, 1975 
AND 1976 

Temperature Conductivit~ 

1975 
r 

Initial 

Intake -0.472 

Discharge -0.276 

24-Hours 

Intake -0.251 

Discharge -0.181 

r = correlation coefficient 
n = sample size 
** = significant at 0.50 level. 

n 

9 

9 

7 

8 

1976 1976 
r n r n 

-0.001 18 0.186 17 

-0.124 19 0.290 13 

-0.057 13 0.372 13 

0.021 14 -0.132 11 



TABLE D-22 INITIAL AND LATENT SURVIVAL OF CRANGON SEPTEMSPINOSA AT THE BOWLINE POINT PLANT, 
HUDSON RIVER ESTUARY, 1975, 1976 AND 1978 

."ttinJ fnt,..,lnment Lalr.nl 

HmUl T(,lIIp. 00 Corld. Sal h,Hy NII/IIhCt' Nulhl.llw rrvpol'l.lon SUI'vlvAI, F.rfeellJ Ex tClld~d Surv J V1\ 1 

... p.alc ~~i!H9!l .!!:J11IL-:. .J!.!~!8L. i!!e!tl .!!~·lIk)Sl _1'_1] ---..!.I'I!~L ~~~!.!f~ fQ.!le('tM ~!:!t'!.~!!6_ __ ~L_._ !;.!!.~~!!!f11-1~ l!Llii;;:i----=:I-::---=J.:..:::------=:.1L-:.:i£ ~i6.:-- _12'- _1!!..~ 

_W/~_ 

"J! .1111 • 36.0 0.000 0 

. 19J~ 

II ocr JlI,cI 7.9 B~ 7.' 1.000 1.000 1,000 '.('00 ).000 1.OOf) 

;-OS OCT 12.8 9.3 ~50 1.000 1.000 0.001' 0,000 O.UUI) 11.000 

m_~ 

18 JUI. 2~ .R 3.9 1],620 B.O 0.7 1.000 1,000 1.000 '.QOO 1.000 1.0(10 l.flnO 1.(100 I,onu 

1~ AUt; ~6 .5 6,000 6.8 3 .~ 1.000 1.000 1.000 t.ono 1.000 t ,noo 1.000 11.500 0.500 

~R AUG 76.6 ?~) .Q-?7.0 7,1 1 ,110 1.5 ~.3 0.500 1.000 1.000 1.000 1.000 1.0UO 1.000 1.0(10 1.000 

?3.8 6.B )0,650 7.5 6.1 1.000 1.000 1.000 1.000 1.000 1.000 I.UOII 1.01lO 1.0ttO 11 !jf.;p 
1.000 1.000 1.000 I.Qno 1.0no 1.000 1.000 1.000 •• 000 

1~ .0 

25 SEP 21.9 '/,O 6,820 1.5 ~ .0 1.000 1.000 •• 000 1.000 1.000 1.000 t.ono 1.000 I.one) 

26.0 0.000 Q 

16 Q(:T ?(, .6 2(I.O-n.o 0.000 

8 13 0.846 11 1.000 1.000 1.000 , .000 1,0(10 1.000 0.909 u.90Q 
Tol.='Il 

6 12 0.063 9.8 1.000 1.000 I,oon I.OO£) I.OUO 1.000 1.0110 1.000 

* Se for individual dates have a maximum of 1.000; however, yearly totals can be greater than 1.000. 



TABLE D-23 INITIAL AND LATENT SURVIVAL OF UNIDENTIFIED DIPTERA, LEPTOCHEIRUS PLUMULOSUS, 
AND EDOTEA TRILOBA AT THE BOWLINE POINT PLANT, HUDSON RIVER ESTUARY, 1975 
AND T§7b~ 

Initial 
Maximum Tolal Prop. EntraIn. Latent 

Number Number' Number Sur- Survival, Effects Extended Survival 
_-.le~_ Station !1onths C_o lleeted Samples Collected Collected vlving __ S.L Sub9ample 1!iitiA.!. ~ _~ --..?l.. ~ .--1?_ ~ 

Unidentified Dipter~ 

1915 JUL-OCT, DEC 10 88 129 0.550 37 1.000 0.838 0.1159 0.378 0.351 0.351 0.351 
D JUL-OCT 7 1 25 0.520 94.5 3 1.000 0.667 0.667 0.667 0.667 0.667 0.667 

1976 I APR-OCT 111 13 77 0.753 36 1.000 0.639 0.611 0.611 0.611 
D APT/-OCT 13 100 189 0.799 100.0 42 1.000 0.262 0.238 0.238 0.214 

Combined I APR-OCT, DEC 24 BB 206 0.612 73 1.000 0.507 0.419 0.479 0.1179 
D APIl-OCl' 20 100 2111 0.766 125.2 115 1.000 0.289 0.261 0.267 0.21111 

Leptoeheirus plUlnulosus 

19'(5 1 JUL-SEP, DEC 16 21 0.571 10 1.000 1.000 0.800 0.700 0.700 0.600 0.600 
D JUL-SEP, DEC 5 5 11 1.000 100.0 10 1.000 0.900 0.900 0.900 0.900 0.900 0.900 

1976 1 MAR- JUN, NOV 7 27 48 0.938 45 1.000 0.733 0.578 0.467 0. 1100 
D MAR, MAY, JUN, AUG, NOV 6 2 8 0.875 5 1.000 1.000 0.800 0.800 0.800 

Combined MAR-SEP, NOV, DEC 11 16 69 0.626 55 1.000 0.727 0.600 0.491 0. 1136 
D !1AR, MAY-SF.P, NOV, DEC 11 5 19 0.747 114.6 15 1.000 0.933 0.867 0.867 0.B67 

E<lotea triloba 

1975 I JilL-OCT 6 46 62 0.935 46 1.000 0.957 0.891 0.500 0.196 0.153 0.153 
D JUL, SEP, OCT 5 16 39 0.974 100.0 38 1.000 0.9711 0.895 0.421 0.289 0.053 0.053 

1976 I SEP 1 1 1.000 1 1.000 1.000 1.000 1.000 1.000 
D AUG, SEP, OCT 3 3 1.000 3 1.000 0.667 0.667 0.66" 0.667 

Combined I JUL-OCT 7 46 63 0.937 47 1.000 0.511 0.213 0.170 0.170 
D JUL-OCT 8 16 42 0.976 1011.7 111 1.000 0.439 0.311 0.096 0.og8 

* Se for individual dates have a maximum of 1.000; however, yearly totals can be greater than 1.000. 



TABLE D-24 INITIAL AND LATENT SURVIVAL OF COROPHIUM TUBERCULATUM, MELITA NITIDA, ZOEA, 
AND CYATHURA POLITA AT THE BOWLINE POINT PLANT, HUDSON RIVER ESTUARY, 
1975 AND 1976 

Initial Latent 

Maximum Total Prop. Entrajn. Effects 
Number Number Number Sur- Survival, Sub- Extended Survival 

Year Station Months Collected Samples Collected Collected vi vine; S • samEle Initial 6 _12_ ~ ~ ---1L _ 96 e 

CoroEhium tubercula tum 

1975 I JUL-SEP, DEC 6 9 22 0.818 6 1.000 0.833 0.833 0.833 0.667 0.667 0.667 
D JUL-OCT 9 16 '71 0.732 89.5 31 1.000 0.935 0.903 0.839 0.6~5 0.51l8 0.387 

1976 I AUG-NOV 8 23 70 0.857 25 1.000 0.880 0.880 0.800 0.640 
D AUG-DEC 9 50 85 0.8911 100.0 39 I .000 0.897 0.821 0.718 0.6 1l1 

Combined I JUL-DEC 14 23 92 0.847 31 1.000 0.8'll 0.871 0.174 0.6115 
D JUL-DEC 18 50 156 0.821 96.9 70 1.000 0.871 0.7112 0.657 0.629 

Melita nitida 

1975 I JUL-SEP 6 3 9 1.000 5 1.000 1.000 1.000 0.800 0.800 0.800 0.800 
D AUG"{)CT 3 3 6 0.667 2 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

1976 I OCT, NOV 2 3 4 1.000 ~ 1.000 1.000 1.000 0.750 0.750 

Combined I JUL-NOV 8 3 13 1.000 9 1.000 0.889 0.889 0.178 0.178 
D AUG-OCT 3 3 6 0.667 2 1.000 1.000 1.000 1.000 1.000 

Zoea 

1975 I JUL-AUG 3 105 128 0.710 49 1.000 1.000 0.939 0.918 0.796 0.694 0.429 
D JUL-AUG 3 78 95 0.832 100.0 41 1.000 1.000 1.000 0.951 0.878 0.707 0.585 

1976 I JUL-AUG 3 19 30 0.967 13 1.000 0.769 0.769 0.307 0.231 
D JUL-AUG 3 62 64 0.859 88.8 35 1.000 0.971 0.971 0.9113 0.886 

Combined I JUL-AUG 6 105 158 0.759 62 1.000 0.887 0.790 0.613 0.387 
0 JUL-AUG 6 78 159 0.843 111.1 76 1.000 0.961 0.921 0.816 0.724 

Cyathura pol1ta 

1975 I JUL, SEP, OCT 3 5 7 1.000 7 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

* Se for individual dates have a maximum of 1.000; however, yearly totals can be greater than 1.000. 



TABLE D-25 INITIAL AND LATENT SURVIVAL OF CHIRIDOTEA ALMYRA, PALAEMONETES SPP., UNIONICOLA SPP., 
MEGALOPA, AND EPHEMEROPTERA AT THE BOWLINE POINT PLANT, HUDSON RIVER ESTUARY, 
1975 AND 1976 

Initial Latent 
Maximum Total Prop. Bntra in. ~;ffect" 

Number' Number Number Sur'- Survival, Sub- Extended Survival 
Year' ~ Months CoUected Samples Collected Col!cctcd viYl!lL S • sample l!l~ -r--12 ?'I 4r 72 9ll c 

Chiridotea ~I'a 

1976 APIl, JUN-AUG, OCT 8 8 19 1.000 19 1.000 1.000 1.000 0.9ij7 0.895 
D JUN-AUG 6 5 11 1.000 100.0 11 1.000 1.000 1.000 1.000 0.909 

~alaemonetes ~. 

19'15 SEP 2 2 1.000 3 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

19'16 I AUG, OCT 2 2 1.000 1.000 1.000 1.000 1.000 1.000 
D S~:P 1 1.000 1.000 1.000 1.000 1.000 1.000 

Combined AUG-OCT 4 2 5 1.000 4 1.000 1.000 1.000 1.000 1.000 
I> SEP 1 1 1 1.000 1 1.000 1.000 1.000 1.000 1.000 

Un10n1c01a !!E.P.. 

19'15 I S~;P 2 2 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
D SEP 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

1976 I MAY 1.000 1,000 1.000 1.000 1.000 1.000 

Combined I HAY, SEP 3 3 1.000 2 1.000 1.000 1.000 1.000 1.000 
D SEr 1 1.000 1.000 1.000 1.000 1.000 1.000 

~alopa 

1976 0 AUG, SEP 3 3 0.667 1.000 1.000 1.000 1.000 1.000 

Ephemeroptera 

1976 0 S~;P, OCT 2 II 8 1.000 1.000 1,000 1.000 1.000 1.000 

* Se for individual dates have a maximum of 1.000; however, yearly totals can be greater than 1.000. 



APPENDIX E 

DAILY AVERAGE DENSITIES FOR THE MOST ABUNDANT 
TAXA COLLECTED DURING DISCHARGE 

ENTRAINMENT ABUNDANCE SAMPLING AT 
THE BOWLINE POINT PLANT, 1979 



TABLE E-1 DAILY AVERAGE DENSITY OF BAY ANCHOVY COLLECTED AT THE BOWLINE POINT PLANT, 1979 

Df-\ILY AVERAGE DENSITY (NO. /1000 CU M) 

()VER?IGE AVERAGE TOH"_ TOTAL 

TEMPERArURE CONDUCTIVITY VOUJI1E YOU:-SAC (EXCLUDING 

IHITE ([iF(:;RF.ES C) (1'1 I CROMHO:;) (el.l M) EGGS LARVAE LARVAE ,JUVENILES LlID EGGS) 

'-'-'--'-'--'- -_. __ . __ ._---- ._-_._--_. __ .--- --'-'--- ._------- ------ . __ ._------ ----------
o!.':;/;.> 1 /79 18 . .I. A30. 101. 6 o. 0 o. 0 o. 0 o. 0 0.0 o. 0 
05/:;~4/79 17. ':'1 10:36. 71.. 4 I o. (I o. 0 o. 0 o. 0 o. 0 O. 0 

O~/29/79 1:3. 0 :3';/4. 99. 4 O. 0 O. 0 O. 0 O. 0 O. 0 O. 0 
O~5/:?'1 .179 18. 7 202. 48. (, O. (I o. 0 O. 0 O. 0 O. 0 O. 0 
0(:,/0'1.179 20. 0 140. 99. 6 O. 0 O. 0 o. 0 O. 0 O. 0 O. 0 
06/07/1·,' 21. 5 1';)30. (,,8.7 O. (I O. 0 o. 0 O. 0 O. I) O. 0 
0(,,/1 .I. /7S) 2.1. (I ::::349. 517.5 17.4 O. I) 9. 7 o. 0 O. 0 9. 7 
0(:,/12/79 :/0.3 3000. 450. 2 O. 0 (I. 0 8. 9 O. 0 (I. 0 8. '7 
06/13/79 :;>'0. 7 2200. 518. () O. 0 O. 0 5. 8 O. 0 O. 0 5. :3 
0<':./1 '1/79 2:? 0 1678. 506. 4 o. 0 o. 0 o. 0 O. 0 O. 0 O. 0 
06/15.179 2~·? :2 1550. 449. 2 o. 0 o. 0 8.9 o. 0 O. 0 8. 9 
O.l:./Ir::V79 2:71.7 1161. 517.3 O. 0 O. (I 1.9 O. 0 O. (I 1. 9 
(1(:,/19/79 2:? 9 11:30. 59:3.4 O. 0 O. 0 O~ (I o. 0 O. 0 o. (I 

0(:,/:;:>0/79 2:3. 5 l160. 598. 1 o. 0 O. 0 1.7 (I. 0 O. 0 1.7 
06/::.>.1/79 2:3. :::: 1287. 602. (:, O. 0 O. 0 1.7 o. 0 O. 0 1.7 
06/22/79 23. 2. 18"70. 5114. ~ O. 0 O. 0 27. 5 O. 0 O. 0 27. 5 
06/25/79 22. :::-~ 1":./58. 568. 3 o. 0 O. 0 49. 7 O. 0 O. 0 49. 7 
OI,./?6/79 22. 1 2.1:,10. 617. :z o. 0 o. 0 59. 9 O. 0 O. 0 59. 9 
0(:,/27/79 2:?, :::{ 2560. 602. 8 o. 0 o. 0 121. 1 O. 0 O. 0 121. 1 
06/2:::::/7·,' 2::';;, 0 2309. 599. 2 o. 0 o. 0 223. (, o. 0 (I. (I 223. (, 
06. i 29/79 2:3. (" 2:3:30. 518.1 o. 0 O. 0 23. 2 O. 0 O. 0 2:3.2 
07/(~1/79 2:::.2 27(:,0. 527. 0 O. 0 O. 0 242. 9 o. 0 O. 0 242. 9 
07/0~>/79 2:3. /::' 2f365. 5::::4.4 O. 0 O. 0 455. 1- O. 0 O. 0 455. 2 
07/05/79 2:?. :::i 5019. ~:i80. 4 1.7 O. 0 570. ::3 O. 0 O. 0 570 .. '3 
07/()(,./79 21.. 9 6560. 55:3. (I 36. :2 o. 0 :350.8 O. 0 o. 0 350. 8 
07/07/79 ;~2, b 7660. 55'7'. 7 25. 0 o. 0 607. 5 O. 0 O. 0 607. 5 
07/0H/79 ::n.l 8350. 560. 2 42. 8 :3. (:, 80:3.3 O. 0 o. 0 806. 9 
07/09/79 23. '1 86:2:3. ~;B4. 0 47. 9 O. 0 1:371. (:- O. 0 O. 0 1371. 6 
07/10/79 2:3. ~) 8820. 580. 4 20. 7 O. 0 1.247. 'I 0, 0 O. 0 1247.4 
07/11/19 :?4. :.~ 9200. 595. 2 28. (:- o. 0 1.090. 4 1.7 O. 0 1092. 1 
07/1 :7.//9 ?4. 2 8690. 58:'!. (I 15.4 o. 0 1521. 4 o. 0 O. 0 1521. 4 



TABLE E-2 DAILY AVERAGE DENSITY OF STRIPED BASS COLLECTED AT THE BOWLINE POINT PLANT, 1979 

DAILY AVERAGE DENSITY (NO. /1000 CU M) 

(WERm:iF IWERf"IGE TOTAl. TOTAL 
TFMPFRATl.lFiF ())NDUCT J V J TY VOLUME YOLl<-SAC (EXCLUDING 

DellE (DFa::;I:;;ET::=; C) ( M I C:R('lMHClS) (CU M~ EGGS LARVAE LARVAE ,JUVENILES !.JIB EGGS) 
-.. ---~.---.---.-- _._-_.-. __ .-.----

-~-.---- -------.- ------ -----.---- ----------
05/}1/l'? 18.1 b:30. 101. /::. O. 0 O. 0 O. 0 O. 0 O. 0 O. 0 
O~)/)" / 1") 17 . ." 108,1... 72. 4 O. 0 O. 0 O. 0 O. 0 O. I) . 0.0 
(Y5/:/9/79 J::=':. ('I 394. 99. 4 O. 0 o. 0 O. 0 O. 0 O. 0 O. 0 
OS/:31/79 Hi. 1 202. 48. 6 O. 0 O. 0 41. 2 O. 0 O. 0 41. 2 
0/,./0/1/19 20. 0 140. 99. 6 O. 0 o. 0 10.0 O. 0 O. 0 10. 0 
0(-,/01/79 :?l. !:; 1930. 68. 7 O. 0 O. 0 O. 0 O. 0 O. 0 O. 0 
06.1Jl/19 :·~l. (I :3:::;49. 517. 5 O. 0 7. 7 50. 2 O. 0 O. 0 58. 0 
0(:./1 )/79 ?O. 3 ::::000. 450. 2 O. (I 37. 8 57. 8 O. 0 O. 0 95. 5 
06/13.179 :70. 7 2200. 51H. 0 O. 0 32. 8 17.4 O. 0 O. 0 50. 2 
0(:./J4/19 ~~2. 0 1(:,7:3. 50(~. 4 O. 0 3:3. 6 27. 6 O. 0 o. 0 61. 2 
O/::./J ~V19 ?2. 2 1550. 449. 2 O. 0 69. 0 84. 6 O. 0 o. 0 153. (, 
0('./1 f:V79 ::?3.7 1161. 517. :3 O. 0 48. 3 166. 2 7. 7 O. 0 222. :3 
06/J9/19 72. '7 11.30. 593. 4 O. 0 1. 7 20. 2 O. 0 O. 0 21. 9 
0/:./20/79 2:?-. ~) 1160. 598. 1 O. 0 O. 0 36. 8 O. 0 O. 0 :36. 8 
o ( .. /:? 1 /1',' 23. 8 1287. 60:2. 6 O. 0 14.9 68. 0 10. 0 O. 0 9:2. 9 
Of-,/2?/79 2:3. 2 J870. :';44.5 O. 0 O. 0 16. 5 1.2.9 O. 0 29. 4 
()6/:?~;/79 2:? ~3 1958. 563. 3 O. 0 O. 0 28. 4 39.1 O. 0 (,7.5 
06/26/79 ::?? 1 2(:.10. 617.2 O. 0 O. 0 :3.2 21. I. O. 0 24. 3 
06/:::'71'/9 2:~. :::-1 2560. 602. B O. 0 o. 0 10. 0 14.9 O. 0 24. 9 
06/28/79 23. (I 2309. 599. 2 O. 0 O. 0 15. 0 1:3. 4 O. 0 28.4· 
0(:'/29/7~:' :23. I.-. 2:380. 51:3. 1 O. 0 O. 0 11.6 O. 0 O. 0 11.. (, 
07/01/79 23. 7. 2760. 527. (I O. 0 1.9 5. 7 7. (, O. 0 15. 2 
07/0://79 }::::~. 6 ·-.r,J II::' 

.. ·:·;:)c .. · .. '. 584. 4 O. 0 O. 0 5. 1 1.7 O. 0 (,. 8 
07/05.179 22. :3 5019. 5::::0.4 O. 0 O. 0 1.7 6. 9 O. 0 8. 6 
07/06/7',' :/1.9 6560. 553. 0 O. 0 O. 0 O. 0 3. (, O. 0 3. (, 
07/07.179 :::~2, 6 7Mc.O. 559. 7 O. (I O. 0 O. 0 1. 8 O. 0 1. 8 
07/0;":/79 ~? ;3. .1 8::=:~~iO. ~)(:.O. 2 O. 0 O. 0 O. 0 5. 4 O. 0 5. 4 
07.10',) /'/9 :'!:3. " :362::::. 5f!4.0 O. 0 O. 0 O. 0 O. 0 O. 0 O. 0 
07.110/7':" 2:3. ~~j 8:;:::20. 580. 4 O. 0 O. 0 O. 0 1.7 O. 0 1.7 
07/11/79 24. 2 ','200. 595. 7. O. 0 O. 0 1.7 3. 4 O. 0 5. 0 
OI/1?/79 :74. 2 8(,,'~O. 5G~3. 0 O. 0 O. 0 O. 0 1. 7 O. 0 I. 7 



TABLE E-3 DAILY AVERAGE DENSITY OF WHITE PERCH COLLECTED AT THE BOWLINE POINT PLANT, 1979 

DA I LY AVERAGE DENS Il Y (NO. /1000 CU M) 
________ • _______________________________ • ________________________ M ... 

AVERf-\OE AVF.RI~GE lOlA!.. TOTAL. 

TEI'1F'FRI\l URF CClN[If.ICT r V I TY VOLUME YOI.Y-~3?\C (EXCLUDING 

[lMF. (DEGRFF.S C) ( M 1 CROMHf.lS ) (f:U 1'1) EGGS LARVAE LARVAE • .JUVENILES IJID EGGS) 

--._.-_.-,-- _.-._._._-_._-.-- ------------ ------ --------- ------ --------- ----------
OS/21/79 18. 1 630. 101. 6 19.7 O. 0 9. 8 O. 0 O. 0 9. 8 

OS/2'1/79 17.9 10:36. 72. 4 82. 9 O. 0 O. 0 O. 0 O. 0 O. 0 

OS/29/79 18. (I 394. 99. 4 161. 0 O. 0 O. 0 O. 0 o. 0 O. 0 

05/:31.179 , 18. 7 202. 48. 6 82. 3 O. 0 20. 6 O. 0 O. 0 20. 6 

06/04/79 20. 0 140. 99. I:> 80. 3 10. 0 90. 4 O. 0 O. 0 100. 4 

06/07/7'" 21. 5 19:30. 68. 7 14. I,;. O. 0 29. 1 O. 0 O. 0 29. 1 
0/:,/11/79 21. 0 :3849. 517.5 25. 1 15. 5 38. 6 O. 0 O. 0 54. 1 
06/1:2.179 20. :3 :3000. 450. 2 35. 5 11. 1 64. 4 O. 0 O. 0 75. 5 
0/:,,/13/79 20. 7 2200. 518. 0 34. 7 1.9 63. 7 0, 0 O. 0 65. 6 
0/:,/14/79 22. 0 1678. 506. 4 35. 5 13.8 92. 8 O. 0 O. 0 106. I:> 

06/15/'79 27.. :2 1550. 449. 2 17.8 20. 0 173. I:> O. 0 o. 0 193. 7 

0/:../18.179 2:3.7 1161. 517. :3 15. 5 13.5 63. 8 O. 0 O. 0 77.3 

06/19/79 22. 9 1130. ~;O:)3. 4 3. 4 8. 4 23. 6 O. 0 0.0 32. 0 

06/20/79 2~:l. ~j 11.60. 598. 1 6.7 5. 0 16.7 3. 3 O. 0 25. 1 

06/21/79 23. 8 1287. 602. 6 1.7 28. 2 48. 1 1.7 O. 0 78. 0 
0(,,/22/'79 28. :2 1870. 544. 5 O. 0 O. 0 9. 2 1.8 O. (} 11. ° 
0/:./25/79 22. :::l 1958. 563. :3 8. 9 1.8 30. 2 12. 4 O. 0 44. 4 

06/16/79 22. I 2610. 617,2 3. 2 1.6 O. 0 3. 2 O. 0 4. 9 
06/2'7/79 22. ~3 2560. 60Z. 8 1.7 O. 0 O. 0 O. 0 o. 0 o. 0 
0/-./28/79 :~3. 0 2309. 5t~/9. 2 3. 3 O. 0 3. 3 O. 0 O. 0 3. 3 
06/29/79 23. ( .... 23:30. 518. 1 O. 0 o. 0 O. () O. () o. 0 O. 0 
C17/01/79 23. 2 2760. 5Z·7.0 O. 0 O. 0 O. 0 O. 0 O. 0 o. 0 
0'7/02/79 :Z::~. b 2865. 584. 4 1.7 O. 0 6. 8 O. 0 o. 0 6. 8 
07/05/79 27. :3 5019. 580. 4 O. 0 O. 0 O. 0 O. 0 O. 0 O. 0 

07/06.179 21.9 6560. 553. 0 O. 0 o. 0 O. () O. 0 (). 0 O. 0 
07/07/79 22. 6 7660. 559. '7 O. 0 O. 0 O. 0 O. 0 o. 0 o. () 
07/0f-:/79 23. 1 8350. 560. 2 O. 0 O. 0 O. 0 O. 0 O. 0 O. 0 
07/09/79 2:3.4 8628. 584. ° 0, 0 O. 0 O. 0 O. 0 O. 0 O. 0 
07/10/79 23. 5 8820. 5:30. :q. O. 0 O. 0 O. 0 O. 0 O. 0 0, ° 
07.111/79 24. 2 9200. 595. :2 O. () O. 0 1.7 O. 0 O. 0 1.7 
07/12.179 :?4 .. ? 8e:.90. 583. (} O. 0 O. 0 :3.4 O. 0 o. ° 3. 4 



TABLE E-4 DAILY AVERAGE DENSITY OF ATLANTIC TOMCOD COLLECTED AT THE BOWLINE POINT PLANT, 1979 

DAILY AVERAGE DENSJTY (NO. /1000 CU M) 
---------------------------------------------_._----------------

(WERAOE AVERAGE TOTAL TOT"'--
TFMPERATI.IRF CONDI.JCT I V I TY VOLUME YOLK-SAC (EXCLUDING 

[lATF. (DEOHEES C) ( M 1 CROI'1HOS ) (CIJ M) EGGS LARVAE LARVAE ..JUVENILES UID EGGS) 
._._---_._- -.-.-.-.--.----- --_._-----.,.--- --.---- -------- ------ --------- ----------
O::::l/O5/79 1.0 12!5. 557. 6 O. 0 O. 0 O. 0 O. 0 16. 1 16. 1 
0:3/06/79 1.2 t 29. 572. 6 O. 0 t..7 10. 5 O. 0 27. 9 40. 2 
0:3/07/79 ::1.0 j():3. 584. 2 O. 0 1.7 1.7 O. 0 29. 1 :32.5 
0:3/08/79 2.0 120. 582. 5 O. 0 3. 4 O. 0 O. 0 22. 3 25. 8 
O::::./O~'" /79 2. 0 120. 57:3. b O. 0 1.7 1.7 O. 0 17.4 20. 9 
0:3/1 :?.l79 O. II 90. 510.9 O. 0 7. 8 7. 8 O. 0 37. 2 52. 8 
03.11.:3/79 1 ." 93. 552. 4 O. 0 23. 5 16. 3 O. 0 83. 3 123. 1 
03.11'1/79 I :~ 88. 542. 5 O. 0 14.7 9. 2 O. 0 55. 3 79. 3 
03/15/79 O. A 84. 517. 4 O. 0 30. 9 30. 9 O. 0 141. 1 202. 9 
03.11(-../79 O. 6 84. 527. 2 O. 0 30. 3 30. 3 O. 0 85. 4 146. 1 
03/J9/79 2. 8 :~(:.. 544. 7 O. 0 22. 0 25. 7 O. 0 143. 2 190. 9 
03/20/79 3. :3 91. 541.9 O. 0 11. 1 51. 7 O. 0 204. 8 267. 6 
03/21/79 3. 9 lA5. 5A3. 8 O. 0 10. 6 40. 8 O. 0 129. 5 180.9 
03/LU19 4. 0 279. 549. 7 O. 0 :3.6 21. 8 O. 0 98. 2 123. 7 
03/:?:3/7,? 3. 9 279. 548. 2 O. 0 O. 0 32. 8 O. 0 58. 4 91. 2 
O::~/::?6/7'" :3.9 119. 557. 9 O. 0 3. 6 19.7 O. 0 102. 2 125. 5 
0:;:/)7/79 4. (I t09. 529. 1 O. 0 3. 8 81. 3 O. 0 236. 3 321. 3 
O:'J/28/79 4. 5 t to. 559. 3 O. 0 o. 0 34. 0 O. 0 98. 3 132.3 
()::::/::~9/79 5.1 t 12. 565. 7 O. 0 O. 0 17. 7 O. 0 79. 5 97. 2 

" 

',,~f' 



TABLE E-5 DAILY AVERAGE DENSITY OF CLUPEIDS COLLECTED AT THE BOWL~N~_EQINT PLANT, 1979 

DAILY AVERAGE DENSITY (NO. 11000 CO M) 
---------------------------------------------------------------

fWERAOE AVER?\GE TOTAL TOTAL 
TFJ1PF. R?\ TURE CONDI.JCl I V J TY VOUJME YOU(-SAC (EXCUJDJNG 

DATF (DFOI;:F.P; C) ( M I CROMHO:;:; ) (el) M) EGGS LARVAE LARVAE .JUVENI u:::s OlD EGGS) 
---'-'--'-- -----_._-.-_.- ------------ ------ -------- ------ ----_._--- ----------
0~5/2J /79 1 ~~. I 630. 101. 6 O. 0 O. 0 29. 5 O. 0 O. 0 29. 5 
OS/}1l/7<;' 17.9 10:36. 72. 4 O. 0 O. I) O. 0 O. 0 o. 0 O. 0 
OS/29/79 18. () :394. 99. 4 O. 0 O. 0 20. 1 O. 0 o. 0 20. 1 
05/:31/79 18.7 202. 48. (, O. 0 O. 0 20. b O. 0 o. 0 20. 6 
06/0'1/79 20. (I 140. 99. 6 O. 0 O. 0 l60. 6 O. 0 o. 0 160.6 
06/07/79 21. 5 j 9:30. (,8.7 O. 0 O. 0 43. 7 O. 0 o. 0 43. 7 
01,./11/79 21.0 3849. 517.5 0, 0 O. 0 25. 1 O. 0 O. 0 25. 1 
0(,./ J 2/7'iJ 20. :1 3000. 450. 2 O. 0 O. 0 15. 5 O. 0 O. 0 15.5 
0/::./1:3/79 20. 7 2200. 518.0 O. 0 O. 0 13. 5 O. 0 O. 0 13. 5 
0(,·/14/79 2:~. 0 1678. 506. 4 O. 0 0, 0 11. 8 O. 0 O. 0 11. :3 
06/15/79 22. :2 1550. 449. 2 O. 0 O. 0 17.8 O. 0 O. 0 17.8 
01,./lG/79 2:3. 7 111,.1. 517.3 O. 0 0, 0 3. 9 O. 0 o. 0 3. 9 
O(:ol19.17") 22. 9 1130. 593. 4 O. 0 O. 0 15. 2 O. 0 O. 0 15. 2 
06/::~0/79 23. 5 1160. 59:3. 1 O. 0 O. 0 3. 3 O. 0 o. 0 3. 3 
06/21/79 23. 8 128'1. '-,02.6 O. 0 O. 0 16. 6 O. 0 O. 0 16.6 
06/22l7''i' 2:3. :2 18'10. 544. 5 O. 0 O. 0 1.8 O. 0 O. 0 1.8 
06l2~/79 22. 3 1958. 56~?'. :3 O. 0 O. 0 3. 6 O. 0 O. 0 3. 6 
06/2(,·/79 22. j 2610. b17.2 O. 0 O. 0 O. 0 O. 0 O. 0 O. 0 
06/27/79 22. :] 2560. 602. 8 O. 0 O. 0 O. 0 o. 0 O. 0 o. 0 
O(,,/?::::.I?'? 23. 0 2309. 599. 2 O. 0 O. 0 O. 0 0, 0 O. 0 O. 0 
06/29/7';' 23. C' 2~~80. 518. 1 O. 0 O. 0 O. 0 O. 0 O. 0 O. 0 
07/01/79 23. 2 27&,0. 527. 0 O. 0 O. 0 O. 0 O. 0 0.0 O. 0 
07/02/7';' 73. (, 2865. 584. 4 O. 0 O. 0 O. 0 O. 0 O. 0 O. 0 
07/0S/79 22. :3 501 ~;l. 580. 4 O. 0 O. 0 O. 0 O. 0 O. 0 O. 0 
07.10(-./79 21. 9 6560. 553. 0 O. 0 O. 0 O. 0 O. 0 O. 0 o. 0 
07/07/79 22. I,. 7/:,60. 559. 7 O. 0 O. 0 O. 0 O. 0 O. 0 O. 0 
07/0:3/79 23. 1 8350. 5(-,0. 2 O. 0 O. 0 O. 0 O. 0 O. 0 o. 0 
07/09;79 23. 4 862H. 584. 0 O. 0 o. 0 O. 0 o. 0 o. I) O. 0 
07/10/79 23. 5 8820. 580. 4 O. 0 O. 0 O. 0 O. 0 O. 0 O. 0 
0'1/11/79 ;~4. 2 9200. 595. 2 O. 0 O. 0 O. 0 O. 0 0.0 O. 0 
07/12.1'79 ;~!4. :2 81.:.90. 58:3.0 O. 0 O. 0 O. 0 O. 0 O. 0 O. 0 



APPENDIX F 

LENGTH DISTRIBUTION OF THE MOST ABUNDANT 
TAXA COLLECTED DURING DISCHARGE ENTRAINMENT 

ABUNDANCE SAMPLING AT THE 
BOWLINE POINT PLANT, 1979 



TABLE F-1 LENGTH-FREQUENCY DISTRIBUTION AND WEEKLY MEAN, RANGE, AND STANDARD DEVIATION OF LENGTHS 
OF BAY ANCHOVY IN COLLECTIONS AT THE DISCHARGE OF THE BOWLINE POINT PLANT, 1979 

LENGTH INTERVALS (MM) 
---_._--_._--_._._--_._-----------------------------_.-------------

O. () 8. (I 

II (\ Tr:: N X :;:;ll 2. 9 5. 9 
.--~.-.-~---.-.-

:?1 MIW 79 0 O. 0 O. 0 0 0 
29 l'lAY 7"? 0 O. 0 O. 0 0 0 

4 . ..IUN 79 0 O. () O. 0 0 0 
11 . .IUN 79 9 5. 2 O. 9 () 6 
10 .. II.IN 79 8 6. (, 1.4 0 2 
2~:) .JI..lN 79 110 10. 11 5. I) 0 19 

.. 11...11.. 79 ::<62 I::=:. 4 5. 9 0 29 
H . ..11.11 79 477 11. 6 7. 4 1 100 

N=NUMHER OF LFN01H:::;; MIN=SHORTEST LENGTH 
X=MEi)N LENGTH; MEl1=MEDIAN LENGTH 
SD=SH)NDARD DEVIATION; MAX=GREATEST LENGTH 
NA~;[IATA NOT AVAILI'tBLF 

6. 0 
8. 9 

0 
0 
0 
3 
6 

29 
62 

147 

9. 0 12. 0 15. 0 18. 0 21. 0 24. 0 
11. 9 14.9 17.9 20. 9 23. 9 999. 9 

0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 I) 0 0 0 0 
0 0 0 0 0 0 
8 18 26 10 0 0 

72 39 39 71 44 (:. 

40 36 31 43 39 40 

RANGE 
--------------~----

MIN MED MAX 

O. 0 O. 0 O. 0 
O. 0 O. 0 O. 0 
O. 0 O. 0 O. 0 
4. 0 5. 0 7. 0 
4. 0 7. 0 8. 0 
3. 0 10. 5 20. 0 
3. 0 13.0 25. 0 
2. 0 8.0 65. 0 



TABLE F-2 LENGTH-FREQUENCY DISTRIBUTION AND WEEKLY MEAN, RANGE, AND STANDARD DEVIATION OF LENGTHS 
OF STRIPED BASS IN COLLECTIONS AT THE DISCHARGE OF THE BOWLINE POINT PLANT, 1979 

LENGTH INTERVALS (MM) 
--------_._------_._--------------------------------------_._---

O. 0 :3.0 
D(\lE N X SD 2. 9 5. 9 ._._--_._---

:21 1'If-\y 79 0 O. 0 O. 0 0 0 
29 ~1(\y 79 2 7. 5 O. 5 (I 0 

'I .. .11.11'1 79 ~5. 0 O. 0 0 1 
11 .. II,IN 79 1:39 7. I,:. 2. 4 0 33 
IS . .IUN 79 19:3 10. ") :3.8 0 9 
25 ... IUN 79 86 16. 5 4. 5 0 0 

I .,JUt. 7'" 1'" 1B.5 6. 5 0 0 
fl ... IUL 79 8 27. 5 6. 1 0 0 

N=NUl'lBFH OF LENGTHSi MIN=SHOliTEST LENGTH 
X=MFf-\N LENGTHi ME[I=MEDIAN LENGTH 
f;H=STANDARD nEVI ATlONi MAX=GHEATEST L.ENGTH 
N{\"'DflTA NOT AVAILABLE 

6. 0 
8. 9 

0 
2 
0 

100 
47 

3 
1 
0 

9. 0 12.0 15. 0 18. 0 21. 0 24. 0 
11. 9 14. 9 17.9 20. 9 23. 9 999. 9 

0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 

41 13 2 0 0 0 
62 39 28 6 1 1 
12 17 11 27 12 4 

4 2 0 1 6 5 
0 1 0 0 0 7 

RANGE 
-------------------

MIN MED MAX 

O. 0 O. 0 O. 0 
7. 0 7. 5 8. 0 
5. 0 5. 0 5. 0 
4. 0 7. 0 15. 0 
5. 0 10. 0 27. 0 
6. 0 17.5 27. 0 
6. 0 21. 0 27. 0 

13. 0 29. 5 3'1. 0 



TABLE F-3 LENGTH-FREQUENCY DISTRIBUTION AND WEEKLY MEAN, RANGE, AND STANDARD DEVIATION OF LENGTHS 
OF WHITE PERCH IN COLLECTIONS AT THE DISCHARGE OF THE BOWLINE POINT PLANT, 1979 

LENGTH INTERVALS (MM) 
--_.-._-------------------------------------------------.-------

O. (I 3. 0 
PtHF. N X SD 2. 9 5. 9 

._. __ .-._-'---

21. 1'1tW 79 1 4. 0 O. 0 I) 1 
29 MAY T:" 1 5. I) O. (I (I 1 

4 . ..IUN 79 12 5. 1 1. 4 0 7 
t 1 . ..IUN 7'" 210 4. 5 1.5 1 179 
18 . ..IUN 79 123 5. 1 3. 1 0 97 
2~) ... II,1N 7." ::30 9. '7 5. '7 0 14 

1 . .IUI- 79 4 7. (I :3.0 0 1 
8 . ..11.11. 79 3 13.0 O. 0 0 0 

N=NUMBER OF LENGTHS; MIN=SHORTEST LENGTH 
X=-=-MF.J'tN LENGTH; MED=MEDIAN LENGTH 
SJ)=STANDARIJ DEVIATION; M()X=GREATEST LENGTH 
N{-\~'D()TA NOT AVMLABLE 

6. 0 9. 0 12.0 15. 0 18.0 21. 0 24. 0 
8. 9 11. 9 14. 9 17.9 20. 9 23. 9 999. 9 

0 I) 0 0 0 I) 0 
0 0 0 0 0 0 0 
5 0 0 0 0 (I 0 

26 2 2 0 0 (I 0 
11 4 8 3 0 (I 0 

1 0 b 7 2 0 0 
2 0 1 0 0 0 0 
0 0 3 0 0 0 0 

RANGE 
-------------------

MIN MED MAX 

4. 0 4. 0 4. 0 
5. 0 5. 0 5. (I 

3. 0 4. 5 8. (I 

2. (I 4. 0 13. 0 
3. 0 4. () 17.0 
3. 0 9. 0 19.0 
4. 0 6. 0 12.0 

1:3.0 13.0 13.0 



TABLE F-4 LENGTH-FREQUENCY DISTRIBUTION AND WEEKLY MEAN, RANGE, AND STANDARD DEVIATION Of LENGTHS 
OF ATLANTIC TOMCOD IN COLLECTIONS AT THE DISCHARGE OF THE BOWLINE POINT PLANT, 1979 

LENGTH INTERVALS (MM) 
-_. __ ._-------_._------_._---------------------------------------

O. 0 3. 0 
DAlE N X SD 2. 9 5. 9 --_._-_._._.-

5 l'l()R 7'" 47 (~. 9 0. (; 0 0 
12 MAR 79 198 7. 1 O. (, I) 0 
19 l'l{\R 79 293 7. 2 O. 7 0 0 
26 l"tAR 79 :~44 7. I) 0. (; 0 0 

N=NUMBER OF LENGTHSi MIN=SHORTEST LENGTH 
X '~ME()N LENGTH i MED=MED J AN LENGTH 
S[)=:~~TAND{\RD DFVJATTClNi MAX=GREATEST LENGTH 
NA'~n(HA NOT AVAIL.ABLE 

6. 0 9. 0 12.0 15. 0 18.0 21. 0 24. 0 
8. 9 11.9 14.9 17.9 20. 9 23. 9 999. 9 

42 0 I) 0 0 0 0 
198 0 0 0 0 0 0 
282 11 0 0 0 0 0 
244 0 I) 0 0 0 I) 

RANGE 
-------------------

MIN MED MAX 

6. 0 7. 0 8. 0 
b. 0 7. 0 8. 0 
6. 0 7. 0 9. 0 
6. 0 7. 0 8. 0 



TABLE F-5 LENGTH-FREQUENCY DISTRIBUTION AND WEEKLY MEAN, RANGE, AND STANDARD DEVIATION OF LENGTHS 
OF CLUPEIDS IN COLLECTIONS AT THE DISCHARGE OF THE BOWLINE POINT PLANT, 

LENGTH INTERVALS (1"11"1) 

-------------------------------------------------------------
O. 0 3. 0 

DATE N X SD 2. 9 5. 9 
,_. __ ._.-._-_.-
~:U MAY 79 :~ 6. 7 O. 5 I) 0 
29 MAY -19 :3 (, .. 7 2. 5 0 1 

4 .. .II.JN 79 16 7.1. 2. I) 0 3 
11 .. IUN 79 :3b 10.5 4. 5 0 (I 

18 . .JUN 79 11 17. :2 4. 0 0 0 
25 dUN 79 1 20. 0 I). 0 0 0 

1 . .JUI. 79 0 O. 0 O. 0 0 0 
B .. 11..11... 79 0 O. 0 (I. 0 (I 0 

N=NUI"IBFR OF lENGTHS; MIN=SHORTEST LENGTH 
X"'MEAN LENG'TH; MED=MEDIAN LENGTH 
SD=mf\NDARD DEVIATION; M?'X=GREATEST LENGTH 
NA'''DATA NOT AW\lI..ABLE 

6. 0 
8.9 

3 
1 

10 
11 

0 
0 
0 
0 

9. 0 12. 0 15. 0 18. 0 21. 0 24. 0 
11. 9 14. 9 17. 9 20. 9 23. 9 999. 9 

0 0 0 0 0 0 
1 0 0 0 0 0 
2 1 0 0 0 0 

18 1 3 1 1 1 
0 2 6 2 0 1 
0 0 0 1 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 

1979 

RANGE 
-------------------

MIN MED MAX 

6. 0 7. 0 7. 0 
4. 0 6. 0 10. 0 
5. 0 6. 5 12.0 
6. 0 9. 0 26. 0 

12. 0 17.0 2:3. 0 
20. 0 20. 0 20. (} 

O. 0 O. 0 O. 0 
O. 0 O. 0 0.0 



APPENDIX G 

DIEL DISTRIBUTION OF THE MOST ABUNDANT 
TAXA COLLECTED DURING DISCHARGE 

ENTRAINMENT ABUNDANCE SAMPLING AT 
THE BOWLINE POINT PLANT, 1979 



TABLE G-1 DIEL DISTRIBUTION OF BAY ANCHOVY AT THE BOWLINE POINT PLANT DISCHARGE, 1979 

Post Yolk-Sac Larvae (No./1,OOO m3) 

DATE 0900HR 1200HR 15(10HR l::;:(lOHR 211)I)HR 24(11)HR O:30(lHR 060(lHR 
-------- ------ ------ ------ ------ ------ ------ ------ ------

O:~:.I0t,.I79 O. 0 O. 0 O. 0 (I. 0 O. 0 O. 0 o. 0 O. (I 
0::::/1::::,179 O. (I 0. (I O. (I O. (I O. (I o. 0 (I. (I O. (I 

03.120.179 O. 0 (I. 0 O. 0 O. 0 O. 0 O. (I O. I) O. (I 

0::::.127/79 (I. (I O. 0 O. I) 0.0 O. 0 I). 0 O. 0 O. 0 
06/11/79 14. :;: 15. 1 O. 0 16. 5 O. 0 14. 3 O. 0 17.0 
0/,::,,/15/79 15.6 O. 0 15. 1 :30. 4 O. 0 o. 0 0. 0 
06.11:-:':.179 O. (I O. (I O. 0 14. ::;: O. 0 O. 0 o. 0 o. 0 
06/21/79 O. (I (I. 0 O. (I O. (I O. (I O. (I O. 0 12.7 
06/25/79 O. 0 ::::/:." 1.:.. 4'-' "" ..:... --' 10:::::.9 1:~:. 2 14. :::: 79. 7 5t,.4 
06/2:-:':/79 1:::t: .. :.:: 15:3.5 227. 0 E:c .. 2 ::::2. 1 1:3.7 51:3. 7 449. 6 
07/02/79 :307. (I :~:/S:~:. /:.. ::::07.2 ~:()4. :3 4E:·~J. 5 5::::'~J. 7 621. ":.1 712. :::: 
07/05/7';:' 455. '~J E:'::J. 4 2()~:. /.:. 617. 1 ':"56. :.=: 42(1. ~: 7::::/:.,. (I 95:3. (I 

07.109/79 2170.6 791:. .. 7 '~4":.1. 7 10::::5.4 14::::0.4 1 :=:::!(). ==: 1424. 0 1191.4 
97/12/79 1421. ';:' 1799.2 15:31. ''i' 19E~:=:. 5 20::::4.6 1::::22.4 721. 7 1452. ::;: 



TABLE G-2 DIEL DISTRIBUTION OF STRIPED BASS AT THE BOWLINE POINT PLANT DISCHARGE, 1919 

Post Yolk-Sac Larvae (No./1,OOO m3) 

DATE 0900HR 1200HR 1500HR 1:::00HR 2100HR 24(10HR O::::(I0HR 0600HR 
-------- -------- ------ ------ ------ ------ ----_ ..... ------ ------

0::::/06/79 O. (I O. 0 O. (I O. (I O. 0 O. 0 O. 0 O. 0 
0::::.1 1 :;:/7'::' O. (I (I. 0 (I. 0 O. 0 O. 0 o. 0 O. 0 o. 0 
0:;:/20.179 (I. 0 o. (I (1.0 O. (I O. (I O. (I (I. (I (I. 0 
03/27/79 O. 0 O. (I O. (I O. 0 O. (I O. 0 O. 0 O. 0 
ot:./ 11.17'-:" 2:=~. (:. 45. :3 1 6. ~: :3:3. 1 42. 1 114. 4 50. 5 /:..::::. () 

Ot:,f15/79 31. 1 It .. E: O. 0 O. 0 24::::.9 1·~/5. ::! 97. 4 
Ot:,f 1 E:.I79 :32. :::! 50. 5 14. 9 !=!''il. () 61. 3 :360. 7 667. 7 69. 7 
0t: . .l21.179 O. 0 O. (I O. 0 49. 1 'j,= • . -, 

_I'J ....... 151. 1 159. 4 1 :~:'~J. ':.' 
06/25/79 15. 6 O. 0 113. :;: 14. !=! O. 0 O. 0 66. 4 14. 1 
(1(:./2:::/79 2::::.7 12. :::: 42. (:. O. 0 O. 0 0, 0 10.9 27. 2 
07/02.179 O. 0 o. 0 O. 0 o. 0 O. 0 O. (I 25. 4 14. 0 
07/05.179 (I. 0 O. (I 1 ::::. t:. O. (I O. 0 O. 0 O. 0 O. (I 
07/0';'/79 O. 0 O. 0 0, 0 O. 0 O. 0 O. 0 O. 0 O. 0 
07/12/79 (I. 0 O. 0 (I. 0 O. 0 O. 0 O. (I O. 0 O. 0 

Yolk-Sac Larvae (No./1,OOO m3) 

O:;:/Ot:./79 O. 0 O. 0 (I. (I O. 0 O. 0 O. (I 0. (I O. (I 

0::::/13.179 (I. (I O. 0 O. (I O. (I O. 0 O. 0 O. 0 O. 0 
03/20/79 O. (I O. 0 O. 0 O. 0 O. 0 O. 0 o. 0 O. (I 

0::::.127/79 O. (I o. 0 O. 0 O. 0 O. (I 0.0 O. 0 o. 0 
06/11/79 O. (I O. 0 O. 0 :3:3. 1 O. (I 14. :::: (I. 0 17. (I 

06/15/79 15. f:., O. 0 O. 0 45. f:.. 106. 7 120. 5 1';'4. :3 
06/1:::/79 t:.5. 6 50. 5 74. 5 O. (I 15. ~: 4 9 .,. 77. 6 cot::" '-I 

0' ...... ,_1--1 •• :. 

06.121/79 :3::::, 7 O. 0 O. (I O. 0 O. (I O. (I 66. 4 12. 7 
06/25.179 O. 0 O. 0 O. 0 O. (I O. 0 (I. (I O. (I (I. (I 

06/2:::/79 O. (I O. (I O. (I o. 0 O. (I O. 0 (I. 0 O. 0 
07/02/79 O. (I O. 0 O. 0 O. (I (I. (I O. (I O. (I O. (I 

07/05/79 O. 0 o. 0 0. (I o. (I 0. (I O. (I O. (I O. 0 
07/09/79 O. (I O. 0 (I. (I O. (I (I. (I O. (I (I. (I O. (I 

07.112.179 O. (I O. 0 O. (I O. 0 O. (I O. 0 O. (I O. 0 



TABLE G-~ (CONT.) 

Juveniles (No./1,OOO m3) 

DATE 0900HR 120(lHR 1500HR lE:OOHR 2100HR 2400HR O:;:OOHR 0600HR 
-------- ------ ------ ------ ------ ------ ------ ------ ------

0:3/0/:',/7';:1 O. 0 o. (I O. (I O. 0 (I. 0 O. (I o. (I O. 0 
0::::.11:;:.179 O. 0 o. 0 O. (I (I. (I O. 0 O. 0 o. 0 O. 0 
0:3/20.179 0.0 o. 0 O. (I O. 0 O. (I O. 0 0. 0 0. (I 

0:3/27.179 O. 0 O. 0 O. (I O. 0 O. 0 O. (l O. 0 O. 0 
06.111/79 O. 0 0: 0 o. (I O. (I O. 0 (>. 0 O. 0 O. 0 
06/15/79 O. 0 O. (I O. (I O. 0 O. 0 O. 0 O. 0 
O/:. . .I1::!.!79 O. 0 o. 0 O. 0 O. 0 (I. (I 16. 4 46. 6 O. 0 
0/:../21.179 O. 0 O. (I (I. 0 O. <) 12.7 54. 9 1::::. ~: O. (> 
06/25.179 O. (I o. 0 O. (I 14. ::: :~:'~/. 5 71. 7 172. /:., (I. (I 

06/2:::.179 O. 0 O. 0 O. 0 0. 0 O. 0 27. 4 1:..5.6 O. (I 

07/02/79 O. 0 O. (I o. 0 O. (I 0. <) O. (I 12. 7 O. (I 

07/05/79 O. 0 O. 0 O. 0 O. 0 41. (I 14. 5 O. 0 O. (I 

07.109.179 O. 0 O. 0 O. 0 0.0 O. 0 O. 0 O. 0 O. 0 
07/12/79 O. 0 O. 0 O. 0 O. 0 o. (I O. 0 1 '7' C) ........ O. 0 



TABLE G-3 DIEL DISTRIBUTION OF WHITE PERCH AT THE BOWLINE POINT PLANT DISCHARGE, 1979 

Post Yolk-Sac Larvae (No./1,OOO m3) 

DATE 0900HR 1200HR 1500HR 18<)<)HR 21 (I(IHR 2400HR O::;::OOHR 0600HR 
-------- ------ ------ ------ ------ ------ ------ ------ ------

0::::/06/7'::' O. (I (I. 0 O. 0 O. 0 O. 0 O. 0 O. 0 O. 0 
0::::/ 1 :-:':.;79 O. 0 O. (I O. 0 O. 0 O. 0 (I. 0 O. 0 O. 0 
0::::/20/79 O. 0 O. 0 O. (I O. 0 O. 0 O. 0 O. 0 O. 0 
(I:;::/27/7''S' O. 0 O. 0 O. 0 O. 0 O. 0 O. 0 o. 0 o. 0 
06/11/79 14. :::: 15. 1 O. 0 ';J'"il. 2 2:=:. 1 71. 5 50. 5 ~:4. 0 
06,/15/79 31. 1 1::::4.7 45. 4 l:~:l:.r. ::: 259.1 406. 6 194. ::: 
06/1 :::.;79 4·~/. 2 50. 5 74. 5 5';'. ~: 45. I:', 65. 6 1:":3. 2 69. 7 
06/21/79 :~::=:. 7 O. (I ::::7. ::: :=:5. '~J ~::=:. 2 1::::. 7 :~:'~J. :::: 71:. •. :3 
0/:,,/25/79 ::::1. 2 14. 4 O. 0 44. 5 O. 0 14. :::: 9::::.0 4 .,:" ,: . .a-. ,_. 

06/2::::/79 14. :::: O. 0 o. (I o. 0 O. 0 O. 0 o. 0 1::::. 6 
07/02/79 O. (I (I. (I 12. ::: 27. 7 O. 0 O. (I 12.7 O. (I 
07/05/79 O. (I O. 0 (I. 0 O. 0 O. 0 O. 0 O. (I O. (I 

07/0';:'/79 O. 0 O. 0 O. 0 O. 0 O. (I O. 0 O. 0 O. 0 
07/12/7'::' o. 0 (I. 0 O. 0 O. (I (I. 0 (I. (I O. 0 2::::,2 

Yolk-Sac Larvae (No./1,OOO m3) 

{) :::.1 () (:I.l 7-"9 , .. \ ,-, J-' I", i). (; O. 0 O. 0 O. 0 (I. (I O. (I ' .. J. ,_, ,_'. \ .. 1 

0::::/ 1 3/79 0. (l O. (I O. 0 O. 0 O. 0 O. 0 O. (I O. 0 
03/20/79 O. (I O. 0 O. (l O. <) O. (I O. <) O. 0 O. 0 
03/27/79 O. 0 O. 0 O. 0 O. (I o. 0 (I. 0 O. 0 (I. 0 
01:.,/11/79 O. 0 O. 0 O. 0 11:. .. 5 (I. (I 2:=:. /:.. 50. 5 ::::4.0 
01:../15/79 O. (I O. 0 O. (I O. 0 15. 2 ~:o. 1 97. 4 
0/:,,/1:::/79 (I. 0 :~::~:. 7 2 ''i'. !::! 14. ::: O. 0 O. (I o. 0 27. '~I 
06/21.179 :~::=:. 7 O. (I ::::7. t: 49. 1 O. 0 27. 5 1 ::::. :::: 12.7 
0/:../25/79 O. 0 14. 4 O. 0 O. 0 O. (I <). (I O. (I O. (I 
0/:,,/2:::.179 O. 0 O. 0 O. (I O. 0 O. (I Q. (I O. (I O. 0 
07/02/79 O. 0 O. 0 O. 0 O. (I O. 0 O. 0 O. 0 O. 0 
07/05/79 O. (I o. 0 0. (I O. (I O. (I O. 0 O. (I O. (I 
07/09/79 O. 0 O. (I O. (I O. 0 O. 0 (I. 0 O. 0 O. (I 
07/12/79 (I. 0 0. 0 O. (I O. 0 O. 0 O. (I O. (I O. (I 



TABLE G-3 (CONT.) 

Eggs (No./1,OOO m3) 

DATE 0900HR 1200HR 1500HR 1:::00HR 2100HR 2400HR <)300HR 0600HR 
-------- ------ ------ ------ ------ ------ ------ ------ ------

03.106/79 O. 0 O. 0 O. 0 O. 0 O. 0 O. <) O. (I O. (I 

03/13/79 O. 0 O. (> (I. (I O. (I O. c) O. 0 O. 0 O. 0 
03/20/79 O. 0 O. 0 O. (I O. (I O. (I O. 0 O. 0 (I. (I 

(I:~:/27/79 O. 0 O. (I O. (I O. 0 0.0 o. 0 O. 0 O. 0 
0/:'.,/11/79 4':-' ,;;) .-.. " O. (I O. (I o. 0 42. 1 2==:.6 67. :3 17. (I 

06/15/79 46. 7 O. 0 15. 1 15. 2 30. 5 O. 0 16. 2 
06/1 ::v7'il O. 0 O. (I 14 .. ~) 14. ::: o. (I O. (I ':'J:3. 2 O. (I 
06/21/79 O. 0 0. (I 14.1:.. O. (I O. (I 0. (I O. (I O. (I 

0/:. . .125/7';) 15. 6 14. 4 14. 2 O. 0 O. (I O. (I 1::::. ~: 14. 1 
0.:;./2:'::/79 14. :.:: 0. (I O. 0 O. 0 0. 0 O. (I 10.9 O. 0 
07.102/79 O. (I O. 0 1'-' 1-' ...... =. O. (I O. 0 O. 0 O. 0 O. 0 
07.105.179 O. (I O. (I O. 0 (I. 0 O. 0 o. 0 O. 0 O. 0 
07.10'iJ/79 O. I) O. (> O. 0 0. 0 O. 0 o. 0 O. 0 O. 0 
07.112.179 O. 0 O. 0 O. 0 O. 0 O. 0 O. 0 o. (1 O. 0 



.J 

TABLE a-4 DIEL DISTRIBUTION OF ATLANTIC TOMCOD AT THE BOWLINE POINT PLANT DISCHARGE! 1979 

Post Yolk-Sac Larvae (No./1,OOO m3) 

DATE 0900HR 1200HR 1500HR l::;:OOHR 2100HR 2400HR O:':::(lOHR Ot.OOHR 
-------- ------ ------ ------ ------ ------ ------ ------ ------

0::;:.10/:...179 2':"J. :;: 27. I:.. O. 0 O. 0 2::::.2 O. 0 O. (I O. 0 
0:;::/1::':/79 O. 0 4::::. S"J :':::1. (I 4~:. 5 (I. 0 o. (I O. (I 14. I:.. 
03120/79 1:..2. 9 5e .. ::: 4::::. (I 15. E: :31. :3 4'7' '7' ~. ~ ::::2. () 75. (I 

0:;::/27/79 47. 2 45. 7 1:..4. :::: 5 1:",5 11:..4. I:.. 102. /:.. 1:31. ::: 2':". 1 
0/:,,/11/79 0. 0 O. 0 O. 0 (I. 0 O. 0 O. (I (I. (I O. (I 
06/15.17':" 0. (J 0. 0 O. 0 (I. 0 O. (I (I. (I (I. (I 

0/:../1:=:/79 O. (I (I. (I (I. (I O. (I (I. 0 O. (I O. (I (I. (I 
06/21/79 O. 0 o. (I O. (I (I. 0 O. (I O. 0 (I. 0 O. (I 
01:.,/25/79 O. 0 o. (I O. (I (I. (I O. 0 O. 0 O. 0 O. (I 
0/:../2:=:/79 O. 0 o. 0 O. 0 (I. (I (I. (I O. (I O. 0 O. 0 
07/02/79 O. 0 o. 0 o. 0 o. (I O. 0 O. (I (I. 0 O. (I 

07/05/79 O. 0 O. (I O. 0 (I. 0 O. (I o. 0 o. 0 O. (I 

07/0'::J/79 O. (I o. (I o. (I O. (I O. (I (I. (I O. 0 O. (I 

07/12/7'::' O. 0 O. 0 o. 0 O. 0 O. 0 (I. (I O. (> 0. (> 

Yolk-Sac Larvae (No./1,OOO m3) 

03/0/:../79 O. (I 0. (I O. 0 O. 0 O. 0 (I. (I 14. 4 O. 0 
0:;::/1:"'3.:.179 1::::,5 4'-;:' q (I. (I 4::':.5 E::"-' E:" .-,.":, '/ O. (I O. (I ,_I, " ,_I.,:, .. J ...:.. ••• .a;.... 

0::':/20/79 :31. 4 42. /:.. O. 0 O. (I 15. 7 O. 0 O. 0 (I. 0 
0:':::/27/79 O. (I o. (I O. (I O. 0 1~:. 7 O. (I 1/:". 5 O. 0 
0/:,,/11/79 O. (I O. 0 O. 0 O. 0 O. (I O. 0 O. 0 O. (I 
0/:,,/15/79 O. 0 O. (I (I. (I (I. 0 O. 0 (I. (I (I. (I 

0/:../1:::':.;79 O. (I O. (I O. 0 o. (I O. (I O. 0 O. 0 O. 0 
01:../21/79 O. 0 O. 0 O. 0 O. (I O. 0 O. 0 O. 0 (I. (I 
01:.,/25 17 '::J O. 0 (I. 0 O. 0 O. (I O. 0 O. 0 O. (I O. 0 
06/2::::/79 O. 0 <). <) <). 0 O. 0 (I. (I O. (I O. (I O. 0 
07/02/79 O. 0 0. 0 o. <) O. 0 O. 0 O. 0 0. 0 O. (I 
07/05.17'::' O. (I (I. (I <). 0 O. (I O. 0 O. 0 O. 0 O. <) 
07/09.17';:" (I. (I O. <) O. <) o. <) (I. 0 O. (I 0. (I O. 0 
07.112/79 O. (I <). <) O. (I O. (I O. 0 O. (I O. 0 O. 0 



TABLE G-5 DIEL DISTRIBUTION OF CLUPEIDS AT THE BOWLINE POINT PLANT DISCHARGE~ 1979 

Post Yolk-Sac Larvae (No./1,OOO m3) 

DATE O'::'OOHR 1200HR 1500HR 1:'::00HR 2100HR 2400HR O::::OOHR 06(10HR 
-------- ------ ------ ------ ------- ------ ------ ------ ------

0:;:/0/:,,/79 O. 0 O. (I (I. (I O. 0 O. (I (I. 0 (I. 0 (I. (I 
0::::/1-:::.17'.-:;' O. (I O. (I O. (I (I. (I O. <) O. (I (I. (I O. (I 
0:;:/20/79 O. 0 (I. 0 O. 0 O. 0 O. (I O. (I (I. 0 O. 0 
0::::/27/79 (I. (I (I. 0 (I. (I 0.0 O. (I O. (I O. 0 O. 0 
0/:,,/11.179 O. (I ::::0.2 ::::2. /.:. 66. 1 28.1 14. :::: O. (I 34. 0 
Ot.f15.179 O. (I :;::.::. 7 O. 0 15.2 30. 5 15. 1 .-....... , c::" . .::.~ . . _' 
06/1:=:.17';" O. (I O. 0 O. 0 O. 0 O. 0 11:. •. 4 O. (I 1':' q 0_'. , 

06/21.17';" 25. ::: 0.0 O. (I 49. 1 O. (I 27. 4 26. 6 O. 0 
06.125.179 15. I;.. (I. (I O. (I 14. H O. 0 O. 0 O. 0 O. 0 
06/28/79 O. <) O. <) O. 0 O. 0 O. (I (I. (I O. (I O. (I 
07/02/7'::' O. 0 O. 0 O. 0 O. 0 O. 0 O. 0 O. (I O. 0 
07/05/79 O. (I o. 0 O. 0 O. 0 (I. (I O. 0 o. 0 O. 0 
07/09.179 O. 0 O. 0 O. 0 (I. (I O. (I (I. 0 O. (I O. <) 
07.112.179 O. 0 O. (I O. <) O. (I O. (I O. 0 O. (I (I. (I 



APPENDIX H 

DAILY AVERAGE DENSITIES OF THE MOST ABUNDANT TAXA 
COLLECTED DURING INTAKE ABUNDANCE STUDIES AT 

THE BOWLINE POINT PLANT, 1979 

• 



TABLE H-1 DAILY AVERAGE DENSITIES OF BAY ANCHOVY AT THE BOWLINE POINT PLANT INTAKE, 1979 

DAILY AVERAGE DEN:3ITY (NO. /1000 CU M) 
-----------------------------------------.----------------------

AVER?IGE AVERAGE TOTAL TOTAL. 
TEI'1F'FRATURF CONDUCTIVITY VOLUI'1E YOLK-SAC (EXCLUDING 

DATE (DEGREES C) ( M I CROMH(J!3 ) (CI..I M) EGGS LARVAE LARVAE .JUVENILES UID EGOS) 
.. _-. __ ._-_.- --_._--,_. __ .-.- _._._--------- ------ -------- ------ --------- ----------
OS/21/79 18. 1 630. 189. (~ O. 0 O. 0 O. 0 O. 0 O. 0 O. 0 
O~/24/79 18. (I 1086. 224. 2 O. 0 O. 0 O. 0 O. 0 O. 0 O. 0 
05/;~9/79 18.0 394. 220. 7 O. 0 O. 0 O. 0 O. 0 O. 0 O. 0 
05/:31/79 18. 9 184. 249. 8 O. 0 O. 0 O. 0 O. 0 O. 0 O. 0 
Ot./04/79 19 . ." 135. 266. 8 O. 0 O. 0 O. 0 O. 0 O. 0 O. 0 
0(,/07/79 21. ~j 1930. ~'335. 7 O. 0 O. 0 O. 0 o. 0 o. 0 o. 0 
06/ 11 /7~~ 21. :2 3670. 211. 8 4. 7 O. 0 37. 8 O. 0 (I. (I 37. 8 
06/14/79 21. 9 1835. 300. 1 O. 0 O. (I O. 0 O. 0 O. 0 O. 0 
06/18/79 2:3.7 1055. 4·52.6 O. 0 O. 0 8. S O. 0 O. 0 8. 8 
0(,,/21/79 24. (I 1220. 216. 0 O. 0 O. 0 13. 9 O. 0 O. (I 13.9 
06/22/79 2:3. '3 161O. 221. (, O. 0 o. 0 67. 7 O. 0 o. 0 67. 7 
06/25/7';' 22. 4 1715. 492. 2 O. 0 0.0 8. 1 O. 0 O. 0 8. 1 
06/28/79 2~~. 1 2:365. 532. 7 O. 0 O. 0 144. 5 O. 0 O. 0 144. 5 
07/02/79 23. 6 2645. 552. 2 O. 0 O. 0 259. 0 O. 0 O. 0 259. 0 
07/05/79 22. 4 4660. 559. 4 O. 0 3. 6 409. 4 O. 0 O. 0 412. 9 
07/09/79 2:3.5 8355. 559. 4 O. (I 10. 7 886. 7 O. 0 O. 0 897. 4 



TABLE H-2 DAILY AVERAGE DENSITIES OF STRIPED BASS AT THE BOWLINE POINT PLANT INTAKE, 1979 

DAILY AVERAGE DENSJTY (NO. /1000 CU M) 

AVERAGE AVERAGE rO"TAL TOTAL 
T FMPER?HUF<F. C:ONDUCr I V I TY VOUJME YOU::-SAC (EXCLUDING 

DAlE (DEGRE.E:::;; C) ( M I CROMHO::=; ) (CU M) EGGS LARVAE LARVAE dUVENILES UID EGGS) 
.-_.-.-.-. __ .. - -.-.-.-.-.-'--'-'~.'- ---_._------- ------ -------- ------ --------- ---------.-
OS/21/79 18. 1 630. 189. 6 O. 0 O. 0 O. 0 O. 0 O. 0 O. 0 
OS/24/7',1 18. 0 108t.. 224. 2 O. 0 O. 0 O. 0 O. 0 O. I) O. 0 
OS/29/79 18. 0 :394. 220. 7 O. 0 O. 0 13. 6 O. 0 O. 0 13. (:. 
0~)/:31/79 1:3. 9 184. 249. 8 O. 0 O. 0 4. 0 O. 0 O. 0 4. 0 
06/011/79 1.9.9 135. 266. 8 O. 0 O. 0 7. 5 O. 0 O. 0 7. 5 
0(:./07/79 21.5 19::=:0. 3:35.7 O. 0 O. 0 20. 9 O. 0 O. 0 20. 9 
06/ 11 /7~~ 21.2 3670. 211.8 O. 0 14. 2 14. 2 O. 0 O. 0 28. 3 
06/14/79 21.9 18:35. 300. 1 O. 0 3. 3 70. 0 O. 0 O. 0 73. :3 
06/1Rf79 23. 7 l055. 452. (" O. 0 11. 0 44. 2 O. 0 O. 0 55. 2 
()6/21/79 24. I) 1220. 216. 0 O. I) o. 0 o. 0 o. 0 o. () O. 0 
06/22/79 2:::( 5 1610. 221. (:. O. 0 9. 0 31. 6 9. 0 O. 0 49. 6 
0(:./25/79 27. 4 1715. 492. 2 O. 0 O. 0 2. 0 O. 0 O. 0 2. 0 
0(:..1"2.:3.179 23. I 2:365. 532. 7 O. 0 O. 0 o. 0 o. 0 o. 0 o. 0 
07/02/79 23. (,. 2645. 552. 2 O. 0 O. 0 3. (:. 1.8 O. 0 5. 4 
07/05/79 22. 4 4660. 559. 4 O. 0 O. 0 O. 0 O. 0 O. 0 O. 0 
07/09/79 2::'\.5 8355. 559. 4 O. 0 O. 0 O. 0 O. 0 O. 0 O. 0 



TABLE H-3 DAILY AVERAGE DENSITIES OF WHITE PERCH AT THE BOWLINE POINT PLANT INTAKE, 1979 

om E -_._._----
O~V21/79 
O!5/24.17·;1 
OS/29.179 
05/31.179 
O(;'/OLJ/79 
0/:../07/79 
06.111.179 
O/:../ J 4/79 
06/18/79 
06/21/79 
0{,/7.2.179 
06/25.179 
06/28.179 
0'7/0:1./79 
07/05/79 
07/09/79 

?WERAGE 
TEMPERATURE 
(DEGREES C) 
._._.-._-_._----

18. I 
18. 0 
18. (I 

18.9 
19.9 
21. 5 
21. :2 
21. 9 
23. 7 
24. 0 
23. 5 
22. 4 
23. I 
23. b 
22. 4 
23. 5 

• , 

(lVER(.\GE TOTAL 
CONDUCTIVITY VOUJME 
(MICRCtMHOS) (CIJ M) 

------------ ------
t 6:30. 189. 6 
: 1086. 224. 2 

3·~4. 220. 7 
184. 249. 8 
135. 266. 8 

19:;10. :3:35.7 
3670. 211. 8 
1835. 300. 1 
1055. 452. (, 
127.0. 216. 0 
1610. 221. 6 
1715. 492. 2 
2365. 532. 7 
2645. 552. 2 
4660. 559. 4 
8355. 559. 4 

DAILY AVERAGE DENSITY (NO. 11000 CI..I M) 
--------_.------------------------------------------------------

TOTAL 
YOLK-SAC (EXCU.lDING 

EOGS LARVAE LARVAE .JUVENILES UID EGGS) 
-------- ------ --------- ----------

O. 0 o. 0 5. 3 O. 0 o. 0 5. 3 
O. 0 O. 0 4. 5 O. 0 O. 0 4. 5 
O. 0 O. 0 13.6 O. 0 O. 0 13. 6 
O. 0 O. 0 4. 0 O. 0 O. 0 4. (I 

O. 0 3. 7 22. 5 O. 0 O. 0 26. 2 
O. 0 o. 0 23. 8 O. (I O. 0 23. 8 
O. 0 14. 2 51. 9 O. 0 O. 0 66. 1 
O. I) O. 0 80. 0 O. 0 O. 0 80. 0 
O. 0 2. 2 81. 7 0.0 O. 0 84. 0 
O. 0 O. 0 13. 9 O. 0 O. 0 13. 9 
O. 0 O. 0 135.4 O. 0 O. 0 135. 4 
O. 0 O. 0 16 .. 3 O. 0 O. 0 16. 3 
O. 0 o. 0 5. 6 O. 0 o. 0 5. 6 
O. 0 O. 0 12.7 1.8 O. 0 14.5 
O. 0 O. 0 O. 0 3. (, O. 0 3. 6 
O. 0 O. 0 O. 0 O. 0 O. 0 o. 0 



TABLE H-4 DAILY AVERAGE DENSITIES OF ATLANTIC TOMCOD AT THE BOWLINE POINT PLANT INTAKE, 1919 

DA I L Y AVERAGE DENS ITY (NO. /1000 (:1..1 M) 

AVEHAOE AVERAGE TOTAL TOTAL 
TEMPE 1~(.\n.IRE CONDUCTIVITY VOLl.JME YOLY-SAC (EXCLUDING 

DATE (DEGREES C) ( M I CROI'IHOS ) (eu M) EGGS LARVAE LARVAE ,JUVENIL.ES UID EGGS) 
._-_._-. __ .-- _._._---_._-_.- ----------.-- -.---'-'- -------- ------ --------- ----------
0:3.10(-,,/79 l. 1 129. 455. 0 0.0 15. 4 2. 2 o. 0 2. 2 19. 8 
0:3/1:::;/79 o. 8 92. :325. () o. 0 52. 3 o. () o. () 9. 2 61.5 
0:3.120/-",' 3. 2 89. 393. 5 O. 0 l:1.q. " 12. 7 o. 0 10. 2 In.5 
03.127.1-'." 4. 0 108. 429. 5 (). 0 137. 4 21: 0 o. 0 55. 9 214.2 



TABLE H-5 DAILY AVERAGE DENSITIES OF CLUPEIDS AT THE BOWLINE POINT PLANT INTAKE, 1979 

DAIL.Y AVERAGE [/ENSITY (NO. /1000 r.tf M) 
--------------------------------------_._-----------------------

AVERAGE AVERAf'E TOTAL TOTAL 
TEMPERATURE CONDI"ICT J V J TV VOUJME YOLK-SAC (EXCLUDING 

DIHF (DEGREES C) (MICROMHOS) (CU M) EGGS LARVAE LARVAE ,JUVENILES UID EGGS) 
--_. __ .. _-- _._-_._----_.- --_._--_._-_._.- ------ -------- ------ --------- ----------
OS/21/7''i! 1:3. 1 630. 18':'>.6 O. I) O. 0 10. 5 O. 0 O. 0 10. 5 
OS/24/79 18. 0 lO8b. 2::!4. 2 O. 0 O. 0 4. 5 O. 0 O. 0 4. 5 
O~/29/79 18. I) :394. 220. 7 O. 0 O. 0 13. 6 O. 0 O. 0 13. (, 
05/:31/79 18.9 184. 249. 8 O. 0 O. 0 24. 0 O. 0 O. 0 24. 0 
0(:./04/79 19. 9 1:35. 266. 8 O. 0 O. 0 22. 5 O. 0 O. 0 22. 5 
06/07/79 21. 5 1930. 335. 7 O. 0 o. 0 6. 0 O. 0 O. 0 6. 0 
06/11.179 21. :2 '3670. 211. 8 O. 0 O. 0 4. 7 O. 0 O. 0 4. 7 
06/14.179 21 .. " 1835. 300. 1 O. 0 o. 0 3. 3 O. 0 O. 0 3. 3 
·06/18/79 ;~:3. 7 1055. 452. 6 O. 0 O. 0 4. 4 O. 0 o. 0 4. 4 
0(,/:7.1179 24. () 1720. 216. 0 O. 0 O. 0 O. 0 O. 0 O. 0 O. 0 
06/~~2/'T9 23. 5 1610. 221. (:, O. 0 O. 0 13. 5 O. 0 o. 0 13. 5 
06.125/79 22.4 1'T 15. 492. 2 O. 0 O. 0 O. 0 O. 0 O. 0 O. 0 
0(:'.128.179 23. 1 2365. 532. 7 O. 0 O. 0 o. 0 O. 0 O. 0 O. 0 
()'Tl02/79 2:3.6 2645. 552. 2 O. 0 O. 0 O. 0 O. 0 O. 0 O. 0 
07.105/79 22. 4 4660. 559. 4 O. I) O. 0 O. 0 O. 0 O. 0 O. 0 
07/09/79 2:3. 5 8355. 559. 4 O. 0 O. 0 O. 0 O. 0 O. 0 O. 0 



APPENDIX I 

LENGTH DISTRIBUTION OF THE MOST ABUNDANT 
TAXA COLLECTED DURING ENTRAINMENT 

ABUNDANCE SAMPLING AT THE 
BOWLINE POINT PLANT INTAKE, 1979 



TABLE 1-1 LENGTH-FREQUENCY DISTRIBUTION AND WEEKLY MEAN, RANGE, AND STANDARD DEVIATION OF LENGTHS FOR 
BAY ANCHOVY IN COLLECTIONS AT THE INTAKE OF THE BOWLINE POINT PLANT, 1979 

LENGTH INTERW\U::; (MM) 
.-.---.---.-.--.---.---------.--~-----.---.-------.-----------------_._-_.-

O. 0 :3. () 

OM£' N X :,:;D 2. 9 5. 9 
.- ... ¥.-.~ .. - .. -.-.-

:~1 MIW 79 0 (I. 0 O. 0 0 0 
29 ~l(W 79 0 I). 0 O. 0 0 0 

'I ,)1.1/11 79 (I O. 0 O. 0 0 (I 

11 . .,1111'-1 79 8 3. 9 O. (, 0 B 
IH ... 11.11\1 79 19 7. 8 2. 2 0 3 
2!,,:; ... IUN 7? 75 f( (--. 3. 0 (l (,. 

? .JUL 79 :?29 11. 5 5. 0 (I 21 
? . ..IUI.. 79 :~4Z R:J 'I. 9 :::5 

N=NI...II'lnER flF LENGTHS; MIN=SHORTF.:ST L.ENGTH 
X ",MEAN LENGTH; MED'=MED J AN I . .F.NGTH 
f;[I=SH\/II[I(\RJ:I rWVI AT 101'-1; fvIAX=(iREATEST LENGTH 
W)4)(\T(\ NOT (\V?\J L?\BL F. 

6. (I 

8.9 

0 
0 
(I 

0 
8 

4'-' "-

56 
79 

9. 0 12.0 15. 0 18. 0 21. 0 24. 0 
11. 9 14. 9 17.9 20. 9 23. 9 999. 9 

() 0 0 0 0 0 
I) 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
7 1 0 0 0 0 

16 4 7 0 0 0 
47 31 28 4:3 3 0 
23 20 18 7 7 2 

RANGE ----_._--------_._---
MIN MEl) M(\X 

O. 0 O. 0 O. 0 
O. 0 O. 0 O. 0 
O. 0 O. 0 O. (I 

3. 0 4. 0 5. 0 
5. (I 8. 0 13. (I 

5. 0 8.0 16. 0 
3. 0 11. 0 22. 0 
2. 0 6. () 24. (I 



TABLE 1-2 LENGTH-FREQUENCY DISTRIBUTION AND WEEKLY MEAN, RANGE, AND STANDARD DEVIATION OF LENGTHS FOR 
STRIPED BASS IN COLLECTIONS AT THE INTAKE OF THE BOWLINE POINT PLANT, 1919 

LENGTH J NTERVALS (MI'I) 
----_._----_._----._-------------_._------------------------------

0, 0 3, 0 
[I(\IE N X ?,n 2. 9 5. 9 
.-.~-.-.-.-.-.-

21 l'lAY 79 0 Il (I O. (I (I (I 

:/9 I''I(IY 79 4 7.5 O. 5 0 0 
4 ",IUN 79 9 1, 7 1.2 0 0 

11 "IUN 79 :~1 7. 2 1. 1 '0 2 
1H ",II.IN 7'" :3~ (-3.5 2. 0::> 0 0 
:2~::; "II.IN 7') 1 11. (I O. I) (I I) 

:2 "lUI. 79 :3 )2, :J 2 1 0 0 
') .,1111 7'.) 0 O. (I O. 0 0 0 

N""'NUI'1F:FR OF LENflTHS; MIN=SHnRl'E:3T LENGTH 
X '~MFJ\N LEMHH i MF.TI,"MFli J AN LENGTH 
::;:[I=::n ANP{)Rn [lEV I I\TJ fiN; MAX "'GREATEST LENGTH 
Nn=nnTA NOT I\VAILABLE 

(" I) ';>,0 12.0 15. 0 18. 0 21. 0 24, 0 
8, 9 11,9 14. 9 17.9 20. 9 23, ';> 999. 9 

(I (I I) (I 0 0 0 
4 0 0 0 0 0 0 
7 2 0 0 0 0 0 

22 :3 0 0 (I (I 0 
24 5 4 2 0 (} 0 

I) 1 0 0 0 0 0 
0 1 1 0 0 0 
0 0 0 0 0 0 0 

RANGE 

-------------------
MIN MED MAX 

O. 0 (I, 0 O. 0 
7. 0 7, 5 8, 0 
(;, 0 7, 0 10.0 
5. (I 7. 0 9. (I 

6, 0 7. 0 17.0 
11. 0 11. 0 11. 0 
1(1, 0 12, 0 I!;), (I 

O. (I O. 0 0, (I 



TABLE 1-3 LENGTH-FREQUENCY DISTRIBUTION AND WEEKLY MEAN, RANGE, AND STANDARD DEVIATION OF LENGTHS FOR 

WHITE PERCH IN COLLECTIONS AT THE INTAKE OF THE BOWLINE POINT PLANT, 1979 
LENGTH I NTERVAU::; (MM) 

._---_._-.... '_ ..... _--------------------------------------_._ ..... __ .-_ ...... _--------
O. I) :3. (I 

[J{\'I E N X [,[I 2.9 5. 9 
._ .. _----_. __ .-
21 I1(W 79 ? 4. 5 O. 5 0 2 
29 1'1(W 79 4 5. ::'/ L J 0 :3 

4 ... IUN 79 15 4. 4 1.0 1 13 
1 j •. II.IN 7", ::3B 5. 4 1. I 0 26 
18 ..tUN 79 ~~9 7. 4 2. j 0 17 
2~,) . ..11)11/ 79 11 7.8 2. '7 0 :3 

'2 . ..f1J1- 79 10 j 1. (I 2. 0 (I (} 
9 .JUt- 79 0 O. 0 O. I) (I () 

N"'NIJr1BER OF LENGTHS; MIN""SIIOR1EST LENGTH 
X'=I'1EAN LENGTH; MFO'''MEnIAN LENGTH 
r,:;n'''STANflARll flFVlATlONi MAX=(;REATF.:ST LENGTH 
NA=lJIHA NOT AVAILABLE 

6. (\ 9. 0 12.0 15.0 18.0 21. 0 24. (I 
8,9 1 L 9 14.9 17.9 20. 9 23. $> 999. 9 0 (I. 0 0 0 0 0 

1 0 0 0 (} (I (} 
1 I) <) 0 0 0 t) 

12 I) 0 0 0 0 0 
29 22 1 0 0 0 0 

:3 4 1 0 I) I) I) 
1 b 2 1 0 () 0 
0 (I (I (I <) (I (I 

RANGE -------------------MIN MF.:D M()x 

4. (I 4. 5 5. 0 4. (I 5. 0 7. 0 2. I) 5. () (,. 0 4. 0 5. 0 8. <) 3. () 8. 0 12. 0 5.0 (:,.0 13.0 8.0 10.0 15. (I O. I) O. 0 O. 0 



TABLE 1-4 LENGTH-FREQUENCY DISTRIBUTION AND WEEKLY MEAN, RANGE, AND STANDARD DEVIATION OF LENGTHS FOR 
_A'!'~ANTIC TOMCOD_IN_COLLECTIONS _AT--,!,HE Ir{,!,AKE OF_J'HJLBOWI..!~~Q!NT PLAN,!" 1979 

O. 0 3. () 
D(~rE N X sn 2. 9 5. 9 

'-'-'--'---"-._-
/:.. MAR 19 '1 '1. J O. :3 0 0 

1:'3 M(\li 1'1 1.8 '1.0 O. 3 0 () 

20 t1(m '19 53 7. 0 O. :3 0 0 
X7 M(\Fi 79 ~"::3 '1. 0 O. :3 0 0 

N=Nf.WmFR OF LENGTHS; MJN=SHORTE~.:q LENGTH 
X=l'lE"N LENGTH; I"IFD=MEDIf'lN L.ENGTH 
::3D'=:3TAN[l(.\RD DFVUnJON; MAX'=GREfHEST LENGTH 
N(\'''n{\T(~ NOT (WA J I.ABI.I: 

6. 0 
8. 9 

7 
18 
53 
63 

LENGTH JNTERW\LS (MMl 
RANGE 

9. 0 12. () 15. 0 18. () 21. 0 24. 0 
11. 9 14. 9 17.9 20. 9 2:3. 9 999. 9 MIN MED MAX 

(I 0 0 0 0 0 7. 0 7. 0 8.0 
() 0 0 0 0 0 6. 0 7. () 8. 0 
0 0 0 0 0 0 6. 0 7. 0 8. {) 
0 0 0 0 0 0 6. 0 7. ('I 8. 0 



TABLE 1-5 LENGTH-FREQUENCY DISTRIBUTION AND WEEKLY MEAN, RANGE, AND STANDARD DEVIATION OF LENGTHS FOR 
CLUPEIDS IN COLLECTIONS AT THE INTAKE OF THE BOWLINE POINT PLANT, 1979 

LENGTH INTERVALS (MM) 
.-.----.----.--------------... --------.------------~-.--------_.---_.---

O. 0 3. 0 
D()IE N X :;0 2. 9 5. 9 

.--.~.-.~--.----

21 "1(W 79 3 7. 3 j ,~, 0 (I 

29 M(W 79 n 8. 3 1. ~j 0 0 
4 . ..IUN 7'" 8 ';'. I) 

..., C' 

.. :~. ',J (I I) 

11 .JI..!N 79 2 8. 0 1.0 0 0 
18 dUN 79 ~i 16. (I :3. f:3 0 (I 

2!:' .lllN 79 I) O. (I O. 0 I) 0 
:2 .. .11.11 .. 79 0 O. 0 O. () 0 () 

9 . ..11..11.. 7'" (I O. (I O. () I) 0 

N"'oN! 1~1BEn OF LENGTHS; M I N=SHORTEST LENGTH 
X=MEf.'N LENGTH; MED=MEDIAN LENGTH 
Sll",.~nANnARD DEVIATIONi MAX=GRFATEST LENGTH 
NA·=D(Hr, NOT AVA J l.ABI..E 

6. 0 
8. "9 

2 
5 
4 
1 
(I 

0 
(I 

0 

.". I) 12. 0 15. 0 18. 0 21. () 24. 0 
11. 9 14. 9 17.9 20. 9 23. 9 999. 9 

0 0 0 0 0 
3 I) 0 0 0 0 
.3 (I 1 0 0 0 
1 I) () I) 0 0 
0 2 1 1 1 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 I) 0 0 I) 0 

RANGE 
-------------------

MIN MED MAX 

6. 0 7. 0 9. 0 
7. (I 7. 5 11. 0 
6. 0 8. 5 15. (I 

7. 0 8.0 9. 0 
12. 0 16. 0 22. 0 

O. 0 0. 0 O. 0 
O. 0 O. 0 O. 0 
O. 0 O. 0 O. 0 



APPENDIX J 

LENGTH-FREQUENCY DATA FOR ENTRAINMENT 
SURVIVAL STUDIES SUMMARIZED BY SAMPLING 

WEEK AT THE BOWLINE POINT PLANT, 1979 



TABLE J-1 LENGTH-FREQUENCY DISTRIBUTION OF STRIPED BASS COLLECTED BY SAMPLING WEEK 
AT THE INTAKE, DISCHARGE, AND DIFFUSER OF THE BOWLINE POINT PLANT DURING 
1919 ENTRAINMENT SURVIVAL STUDIES 

LENGTH INTERVALS (MI1) 
-.--.-.-.---.~.---------------.--------------------------------------

DAlE N X ,:.~I.) 

O. (I 

2. 9 

Intake--pumpless sampling flume 

3(1 ~'IIW 79 
" .. IIII~ 79 

I J .IIIN 79 
1:::: .. IIII~ 79 
}!'i .. II.II~ 79 

n O. 0 
~ A. 7 

~~ (~. 9 
17 j 2 

t 7. (I 

O. 0 
O. ":1 
I 1 
1.6 
O. 0 

Intake--pumped larval table 

23 MAY 79 
30 MIW '79 

4 •. IUN 79 
11 . .JUN 79 
1:'3 .JUN 79 
25 .. IUN 79 

o Q 0 
&0 

3 ~ 7 
21 h 8 
~ 8. 2 
o QO 

Discharge (Unit 1) 

2:~ 111W 79 
::::0 I"IIW 79 

" .. IUN I9 
1.1 .II.II~ I9 
If< .. II.IN 19 
?~.~ .,tUN 79 

I. 0 
~ 7. 0 

/3 A. 6 
:3~i 6. H 
II :=:-~ :~:. 'I 

? 1 I. ~ 

Diffuser (Unit 1) 

2:3 NAY 79 
30 MIW 79 

4 .. IUN 79 
11 .. IUN 79 
18 .. IUN 79 
25 .. IUN 79 

o QO 
1 R 0 

10 7. 0 
71 6. 7 
78 8. 0 

1 I 1. (I 

O. 0 
o. () 
O. 5 
1.2 
:3.2 
O. (I 

o. <) 

O. 9 
. 1. I 

1. " 
1. f>' 
I ., 

• "I 

O. 0 
O. (I 

1.4 
1.0 
1.8 
O. (I 

o 
(I 

(I 

I) 

o 

o 
(t 

o 
o 
(I 

o 

(I 

o 
n 
o 
(I 

(I 

(I 

(J 

o 
o 
o 
o 

3. 0 
:'>. 9 

n 
(I 

I 
'? 
o 

o 
(I 

1 

o 

o 
o 
.-. .' 
'I 
'I 
o 

(I 

o 
(I 

1. 
1. 
o 

N=NUMFWR (W LF.N('lH~'; MII~=:";H(IRTFST I.ENCiTH 
X=MFI\N I FNGTH; MFD=MFflIAN I.EN(HH 
Sn~::HAN(lI\Rn DFVlA1IClN; MAX=(,RFAlF:=;T LENCiTH 
NI\=DATI\ NOT AVIH I.IW:1. E 

6. 0 
8. 9 

o 
( .. 

2.J 
9 

o 
1 
2 

19 
:3 
(I 

1 :3 
.?{~. 

::?O 
o 

(I 

8 
18 
l(:. 
o 

9. 0 
11. 9 

o 
(I 

:2 
6 
(I 

(I 

o 
o 
1 
o 
o 

o 
(I 
.~~ 

5 
2~~ 

o 
o 
2 
2 

10 
1 

12.0 
14.9 

(I 

o 
(I 

o 
(J 

o 
«) 

o 
o 
2 
o 

(I 

o 
(I 

o 
? 

(I 

(I 

I) 

o 
1 
(I 

1:'>. 0 
lI.9 

o 
I) 

o 
o 
() 

I) 

I) 

o 
o 
o 
o 

o 
(I 

<) 

(I 

o 
o 

I) 

o 
o 
o 
I) 

o 

18. (I 

20. 9 

o 
<) 
(I 

o 
(I 

I) 

o 
I) 

o 
o 
(I 

o 
(I 
(I 

o 
(I 

(I 

I) 

o 
(I 

() 

o 
(I 

21. 0 
23. 9 

(I 

I) 

(J 

o 
(I 

o 
(I 
() 

o 
o 
o 

(I 

o 
o 
(I 

o 
o 

() 

I) 

I) 

o 
(I 

(I 

24. c/, 

(I 

o 
o 
(I 

o 

I) 

o 
o 
o 
o 
o 

(I 
(I 

I) 

() 

o 
o 

o 
(I 

I) 

I) 

(I 

(I 

MIN 

o. I) 

(-'. I) 

5. 0 
5. <) 

7.0 

O. 0 
6. 0 
5. (I 

5. (I 

iI.O 
O. 0 

7. (I 
(-.. <) 

~\. 0 
5. (I 

5. 0 
10. (I 

(I. I) 

8. 0 
('. 0 
5. 0 
~. 0 

11. 0 

RI\N(iF 

MEn 

0.0 
6. (I 

I. () 
6. 0 
7. (I 

MAX 

O. 0 
::~. 0 

In.n 
leI. 0 

7. 0 

O. 0 O. (I 

6.0 6.0 
6. () 6. (I 

6. (I 10. 0 
I. (I 13.0 
O. 0 (I. 0 

7.0 
I. I) 

(-'. 0 
f,. (I 

G. ~:.; 

11. 5 

O. 0 
8.0 
6. 0 
6. 0 
I. 5 

11. (I 

7. () 
8. 0 
9. (I 

10.0 
12. (I 

1:3. (I 

0.0 
8. 0 

10. (I 

9. 0 
17. () 
1l. 0 



TABLE J-2 LENGTH-FREQUENCY DISTRIBUTION OF WHITE PERCH COLLECTED BY SAMPLING WEEK 
AT THE INTAKE, DISCHARGE, AND DIFFUSER OF THE BOWLINE POINT PLANT DURING 
1979 ENTRAINMENT SURVIVAL STUDIES 

l..Fwn H J NTERVALS (MM) 
---_._._----_._._-_._-- ---- ---.------~-- -._--_._---------_._-- --.----

o. () :3. 0 
DinE N x ',;1) 2. 9 ~i. 9 

Intake--pumpless sampling flume 

:c,(. WW 7CJ 

'I .. IIIN 19 
1.1 .. IIIN 79 
t::~ .. IIIN 7'~' 

';>"i •. IIII~ 79 

() 

1-· ,,:0 

'::<1:" 
?4 

1 

O. 0 
'1 . ." 
l!. c~ 
~·i. ~:: 

'I. (J 

(J. (I 

.1.1 
1 q 
.? ~~) 

n. 0 

(I 

o 
o 
... 
o 

o 
10 
;'9 
1.:'; 

Intake--pumped larval table 

2:3 lillY 79 
30 M(W 79 

4 .. II.IN 79 
1 t <II.IN 19 
1:3 .JUI~ 79 
25 .II.IN 79 

4. (I 

? 8. ~ 
14 4. :3 
81 4. 6 
82 5. 0 

4. 0 

Discharge (Unit 1) 

7::; I'I(W 79 
':::0 I'I(W 79 

-1 .. IIII~ F! 
11 .. II.IN 79 
I:::·: .IIIN 79 
?~\ .I!.IN 79 

'1. n 
3 -1. (I 

.::~ Ci 'I. '? 

!':'VI 't 9 
':"1 I!. (-. 
o o. 0 

Diffuser (Unit 1) 

'?:'Cl MI\Y 79 
:'10 M(W 7') 

'I . .JI.II~ 7'" 
11 ._II.II~ 7';/ 
1 foe •.. 11.11'1 79 
::>5 .. 11.11\1 79 

o O. (I 

:? 'I. (I 

1;-; '1:~ 

&,0 'I. ~;i 

1 :~: '1. :? 
1 II. ('I 

N~~lIlIi"'ICR I'IF L FNO:'l 1-1',,; 
X='MFI\N iEW;TH; 

o 0 
O. 5 
Q6 
O. 9 
1.9 
QO 

U 0 
n. ::-! 
n. 7 
1 (-. 
1 ::< 
O. 0 

O. 0 
O. :;:: 
O. 7 
1. ~:, 

I (I 

..... (I 

o 
o 
o 
(I 

o 
o 

() 

() 

o 
o 
(I 

() 

o 
(I 

(I 

(I 

o 
o 

:2 
1'1 
(\9 

27 

-:3 
:~~:;i 

'I:? 
'2::~ 

n 

(I 

:'l 
14 
50 
1(; 

1 

M J N:~SH(lRTF:':;T I. FN(;TH 
MFD=MFf'.1 {IN LENGTH 

~';""'::;lm~n{\RI'I DEVIfHfON; MI\X=f'HF(ITF.'=.'T I..FNGTH 
N(l'JV\T{\ WIT {lV(l.lI.(lBI F 

b. 0 
8. 9 

o 
.'~. 

'-' 
~ .. ' 
9 
(J 

o 
<) 

o 
J'e> 

7 
o 

n 
(I 

2 

.:~ 

u 

(I 

(I 

9 
2 
o 

9. 0 
11. 9 

o 
o 
:2 

(I 

I) 

o 
(I 

o 
3 
o 

n 
(I 

o 
4 
:.? 
() 

o 
o 
o 

<) 

() 

12. 0 
14 . ." 

(J 

o 
o 
1 
(I 

o 
o 
o 
o 
() 

o 

n 
o 
(I 

n 
o 
o 

o 
o 
o 
o 
o 
(I 

la 0 lR 0 
17. 9 20. 9 

o 
o 
o 
o 
(I 

(I 

o 
I) 

(I 

(I 

(I 

(I 

I) 
(I 

o 
n 
(I 

(I 

o 
o 
(I 

o 
o 

o 
o 
o 
o 
o 

(I 

o 
(I 

o 
o 
o 

(I 

(I 

(I 

o 
o 
o 

o 
(I 

o 
(I 

(I 

o 

21. 0 
2:1. 9 

o 
o 
(I 

o 
.0 

o 
(I 

o 
o 
o 
(I 

o 
(I 

o 
o 
() 

o 

(I 

(I 

<) 

o 
<) 

() 

14. 0+ MIN 

o 
(I 

o 
(I 

n 

() 

o 
o 
o 
(I 

I) 

(I 

(l 

(I 

(I 

(\ 
() 

o 
o 
o 
o 
o 
o 

O. 0 
'I. n 
:::c. 0 
3. () 
It. (I 

4 0 
:::c. 0 
3. (I 

:3. (I 

3. 0 
4.0 

4. 0 
3. 0 
:3.0 
3. 0 
:~. 0 
O. I) 

O. 0 
3. 0 
ao 
ao 
3. 0 
4. (I 

RIINI)F 

MEIl 

o. () 
~:~. 0 
II. 0 
'I. ~ 
4. (I 

4. I) 

~~. 5 
4. (I 

4. 0 
4. 5 
4. I) 

4. (\ 
4. (I 

4. 0 
4. (\ 
4. (> 
Q(I 

I). 0 
4. 0 
4. (I 

4. 0 
4. 0 
4. I) 

111\X 

O. 0 
~~. 0 
9. 0 

.12.0 
4. (> 

4. () 
4. 0 
5. 0 
8. 0 
9. 0 
4. (\ 

4. (I 

!:=;. (I 

(, 0 
10. (I 

10. 0 
n. 0 

O. (I 

5. 0 
6. (I 

lQ 0 
~I) 

4. (I 



TABLE J-3 LENGTH-FREQUENCY DISTRIBUTION OF BAY ANCHOVY COLLECTED BY SAMPLING WEEK 
AT THE INTAKE, DISCHARGE,.AND DIFFUSER OF THE BOWLINE POINT PLANT DURING 
1979 ENTRAINMENT SURVIVAL STUDIES 

L.FNCiTH 1 NTERV{\[S (MM) 
--.---.-.--.~.-----.-.-.-.---.-----~---------------.-------_._----_._------

O. 0 
DATF N x ,::;J) 2. '? 

Intake--pumpless sampling flume 

30 ~1I\y 79 
4 .. IIIN 79 

11 .. II.IN 79 
1 ~~: .II.IN 79 
"15 .. HIN 79 

o O. 0 
;.> 'I. u 
,';, ~:i. :':~ 

-:: 9.0 
?O 'I ':;i 

O. (J 

O. (I 

J. ·1 
:? 
":i .) 

Intake--pumped larval table 

28 MAY 79 
:30 MIW 79 

4 .. IIIN 79 
11. •. IUN 79 
P? .. IIIN 79 
::~~ .,II.IN 79 

I) QO 
o QI) 

;.> 'I. 0 
54 ~ :3 

2 7. 0 
71 7 . ." 

Discharge (Unit 1) 

2:3 MAY 79 
·~:o rlAY 79 

II .. II.IN 79 
11 .. II.IN 19 
.18 .. IIIN 79 
:"~':j .,IUN 7':;' 

o (I. (I 

o O. n 
1 .~. 0 

1:? ~i. ? 
1 ~i. 0 

2<:> 7. 8 

Diffuser (Unit 1) 

2:3 MIW 79 
::'<0 MflY 79 

4 .J(IN 79 
1 .. 1 .JIIN 79 
1 n .JUN 79 
75 . ..tUN 79 

o QO 
o O. 0 

~. 0 
12 ~. 9 

:3 R 7 
70 8. 1 

QO 
O. 0 
QO 
1. 4 
1.0 
8. 2 

O. 0 
n. () 
O. 0 
0, 9 
O. I) 

:~. ~~ 

(I. (I 

O. 0 
O. I) 

1.0 
1.9 
3. ;7. 

(I 

o 
o 
o 
() 

o 
I) 

o 
o 
(I 

o 

(I 

o 
(J 

(I 

o 
u 

(I 

<) 

<) 

() 

o 
c) 

:.::. 0 
~3. 9 

o 
::? 
~) 

o 
~ 

(I 

o 
2 

30 
o 

20 

(I 

o 
1 
~.:: 

9 

o 
o 
1 
7 
o 
5 

Nc'WlrIH['R (If I F~I(i rl·["·;; I'n N'c':;H(lfHF',::;T U:I'Ii.n H 
X '''MF()[,·[ I FN(illf; I"Ir'JI'I'IHIJI)N I..FNmH 
':'~n<:;TI)NIII)r:n [1i':V·I(.YI 1(11'1; rll)X"'(;f(i':l\lF:::C;T l.r··NI.nH 
W)"[II)l(.) NOT AVi).[[ 1\1':1 F-

('" () 

~:.:. 9 

o 
o 
-1 
:;~ 

11 

() 

o 
o 

2:3 
~ 

?7 

(I 

n 
(l 

4 
I) 

11 

o 
o 
n 
r-
".1 

Po 

9. () 
11. 9 

o 
o 
o 
(I 

z 

o 
o 
o 
I 
o 

l.2 

(I 

I) 

(I 

(I 

(I 
'.::" -,.' 

o 
n 
I) 

I) 

2 
:3 

12. I) 

III . ." 

() 

() 

() 

1 
:? 

(I 

o 
o 
o 
o 
9 

o 
o 
o 
o 
() 

::;-~ 

f) 

(I 

(I 

(I 

() 

:3 

15. I) 
17. '? 

(I 

o 
o 
o 
1 

<) 

(I 

o 
o 
o 
:3 

o 
o 
o 
(I 

o 
~~ 

(I 

o 
<) 

o 
o 
1 

18. (I 

20. 9 

o 
(I 

(I 

(I 

I) 

o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
(I 

o 

I) 

(I 

o 
o 
I) 

(I 

21. (J 

2:::. '7 

o 
I) 

(I 

I) 

o 

o 
o 
o 
I) 

o 
(I 

(I 

o 
o 
(I 

(I 

o 

o 
() 

n 
o 
(I 

I) 

2'1.0+ 

(I 

o 
() 

o 
n 

o 
o 
I) 

o 
<) 

(I 

I) 

(I 
(I 

I) 

I) 

(I 

(I 

o 
o 
o 
o 
o 

111N 

(I (I 

4.0 
~"t. (I 

7. (I 

4. 0 

O. 0 
O. I) 

4. 0 
3. () 
6. 0 
4. 0 

O. (I 

o. 0 
:3. (I 

4. (I 

5. (I 

4. <) 

H(\I'JGF 

MEfJ MI\X 

QO QO 
4. I) ~I) 

~. 0 7.0 
8.0 12. (I 

7. 0 lh 0 

O. (I 

O. 0 
4. <) 

5. 0 
7. (I 

7. 0 

QO 
QO 
'I 0 
~o 

8. (I 

l~ 0 

o. <) O. I) 

O. (I O. 0 
:~. 0 3.0 
5. () 7. () 
5. (I 5. 0 
7.0 16.0 

O. (I Q 0 
QO QO 

O. 0 
QO 
4. 0 
hO 

4. 0 4. 0 
3. 0 ~ 0 
~ 0 10. 0 
4. (I 7. 0 

10 (I 

l~ 0 



TABLE J-4 LENGTH-FREQUENCY DISTRIBUTION OF CLUPEIDS COLLECTED BY SAMPLING WEEK AT 
THE INTAKE, DISCHARGE, AND DIFFUSER OF THE BOWLINE POINT PLANT DURING 
1979 Ei~TRAINMENT SURVIVAL STUDIES 

J,nll' N x ~:;rl 

O. (I 

2. '? 

Intake--pumpless sampling flume 

:30 M,W 79 
4 . .JtlN 7') 

.11 .. !lIN 79 
18 .JUI~ 79 
25 • .1111'-1 79 

2 f::.. (t 

10 9. !:i 
3 10. 7 
2 :.-'.o.!"; 
n O. 0 

O. 0 
5. 2 
~. 1 
O. 5 
n. 0 

Intake--pumped larval table 

/3 1'1!lY 79 
::;0 1'lnY 19 

'I .. IIIN 7'" 
11 .. 1111'1 -;c, 
1'"< .. II.IN 79 
/~i .IIIN 79 

() O. 0 
1.1 (. 1 
?1 8. 0 
11 Q ~ 

o O. 0 
o O. 0 

Discharge (Unit 1) 

'?3 l"lltv 7'~ 

:7:0 !'1!'Y 7'3' 
4 .II,IN /',' 

1.1 .. IIIN 79 
Ir, .IIIN 79 
. ."~, •. 11.11'-1 7'} 

o 

10 
10 

'I 
(I 

(I 0 
( .. {. 

7. 'I 
1(1 ; .. ; 

1 ~'i. :':~ 

(I, 0 

Diffuser (Unit 1) 

23 1"lllY 79 
:30 tillY 79 

1J •. !lIN 79 
1.1 .IIIN 79 
1 '0: .. IIIN 7'? 
2~=:i ,II.IN 7'~1 

o O. 0 
1 ~-; f::.. -, 
'7:1 R 9 

e, 10. (I 

? 15. ~4-1 

o O. 0 

o. (I 

O. 9 
:? 

.... , ,-, ....... ;:-. 
(I. () 

O. 0 

O. 0 
• c 
~. "I 

1. (I 

;' .. :::{ 
~'. ? 
o I) 

0. () 
1 Po 
IJ. (-. 
~~. 0 
), ~ 

0, (J 

o 
I) 

(I 

(I 

o 

o 
o 
o 
o 
(J 

() 

(I 

o 
o 
() 

o 

n 
o 
I) 

o 
(I 

o 

::'1.0 
5. 9 

o 

(I 

(I 

(I 

co 
'::{ 

o 
o 
() 

o 

£) 

4 

(I 

I) 

() 

o 
o 
(I 

o 
I) 

(0 

N~NIIMF:r:H .-oF I F::No:nH':,; MJ N""::·H(lRTF';::T I.f:HCilH 
X='~IFI\N IFwnH, l"lI-'I'~~lFr'olI\N LFNC;TH 
sn=sTANnnRn nFVIATJrn'-l; MnX=GRFATFST lENGTH 
NA=ilnTA NIH (WAll ARI F 

f::.. 0 
:=:,9 

2 
5 
1 
(I 
(I 

(I 

'"< 
1'1 

I ... 
(I 

o 

I) 

j(: ... 

::=c 

(I 

l'l 
1 ~ .. ' 

Co 

o 

LENGTH INTERVALS (MMl 

9. (I 

11. 9 

(I 

3 
1 
() 

(I 

(J 

o 
7 
'I 
(I 

o 

I) 

2 

!"; 
o 
o 

I) 

I) 

;:=I 
(I 

(I 

(I 

12. (I 

14.9 

I) 

o 
1 
o 
o 

o 
o 
I) 

n 
<) 

n 

o 
(; 
(I 

7 

o 

o 
1 
I 
1 
1 
o 

15. (I 

17. 9 

o 
I) 

o 
o 
o 

o 
(J 

o 
o 
() 

I) 

I) 

o 
o 
I 
:2 
o 

(I 

I) 

(I 

(I 

o 
o 

18. (I 

20. 9 

o 
o 
(I 

Co 

o 
(I 

() 

(I 

o 
(I 

o 
(J 

o 
(I 

1 
o 

(I 

(l 

1 
o 
1 
o 

21.0 
23. '? 

(I 

I) 

o 
I 
o 

<) 

n 
(I 

1 
o 
I) 

o 
o 
(I 

o 
o 
o 

(I 

(1 

o 
(I 

o 
o 

24.0'" 

o 
I 
I) 

o 
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APPENDIX K 

NORMALIZED EXTENDED SURVIVAL OF ICHTHYOPLANKTON 
ENTRAINED AT THE BOWLINE POINT PLANT, 1979 



SpecIes 

St,'ired bass 

White perch 

Cluvelds(c) 

TABLE K-1 EXTENDED SURVIVAL OF ALIVE (LIVE + STUNNED) LARVAL AND JUVENILE FISHES 
COLLECTED AT THE INTAKE, DISCHARGE, AND DIFFUSER DURING ENTRAINMENT 
SURVIVAL SAMPLING AT THE BOWLINE POINT PLANT, 1979 

Life Stage 

Yolk-sac 
larvae 

Post yolk-sac 
lat'vae 

Juveniles 

Yolk-sac 
larvae 

Post yolk-sac 
larvae 

Post yolk-sac 
larvae 

Number of 
Statlon(a) OrganIsms 

111' 
I1R 
VIP 
D,D 

I,P 
I,R 
D,P 
0,0 

I,P 
I,R 
0,1' 
D,D 

lIP 
I,R 
D,P 
Illn 

I,P 
I,R 
D,P 
D,D 

lIP 
I1R 
DIP 
0,0 

5 
7 

12 

7 

22 
29 
113 
,8 

o 
1 
1 
o 

o 
1 
1 
1 

86 
27 
29 
28 

24 
11 
16 
12 

lIours 
o 3 6 12 21, ~B-- 72 ---2£ 

1.000 
1.000 
1.000 
1.000 

1.000 
1.000 
0.917't o.OBO 
0.857±0.132 

1. 000 1. 000 1. 000 
1.000 0.857±0.132 0.85110.132 
O.917 t O.000 0.B3310.106 0.B33i O.l0B 
0.714:t0.111 0.571±0.187 0.511±0.,81 

0.600!0. 219( b) 
o .B57tO. 132 
0.150i O.'25 
O. 429!0. lB1 

1.000 1.000 0.955±0.0Ifll 0.909t O.061 0.86i'±0.013 0.BI8tO.062 
1.000 0.9311 0.041 0.B97tO.051 0.193i O.015 0.193tO.015 0.759±0.079 
1.000 0.88JI1 0.049 0.744±0.067 0.65t!0.073 0.605±0.015 0.5~8±0.016 
1.000 0.61ItO.115 0.500±0.116 0.333±0.ll1 0.333iO.ll1 0.333±0.111 

1.000 1.000 
1.000 1.000 

1.000 1.000 
1.000 1.000 
1.000 0.B57i O.132 

1.000 
1.000 

1.000 
1.000 
O.511 i O.181 

1.000 
1.000 

1.000 
1.000 

1.000 
1.000 

1.000 1.000 0 
o 0 0 
0.28610.111 0.143iO.132 0 

'.000 0.837 t O.OQO 0.814iO.042 O.72I i O.048 0.616±0.052 0.581±0.OS3 
1.000 0.615±0.075 0.118t O.OBO 0.101Ii o.088 0.1011±0.088 0.630~O.093 
1.000 0.B28!0.010 0.72~!0.083 0.511!0.093 D.448!0.092 0.446t o.092 
1.000 0.714 i O.085 0.1129!0.0911 0.393i O.092 0 .. 357±0.091 0.357±0.091 

1.000 
1.000 
'.000 
1.000 

O. 500±0. 102 
0.S45 i O.150 
0.SOO±0.125 
0.667i O.136 

O.167±0.016 
0.364±0.145 
0.063±0.061 
0.500±0.I JI4 

0.083±O.056 
0.091iO.081 
o 
O,167!0.,08 

0.01!2iO.01!1 
o 
o 
0.DB3±0.080 

0.0112±0.0!11 
o 
o 
0.063t O.OBO 

0.JI0010.219 
0.851 i O.132 
0.5B31"0.142 
0.286 t o.l11 

0.400tO.219 
0.7I il±O,'71 
0.333i O.136 
0.286t.0.17 I 

0.173±0.089 0.68210.099 
0.15910.019 0.6901:0.086 
0.4B8iO.076 0.11138±0.016 
0.278±0.106 0.22210.098 

1.000 
1.000 

o 
o 
o 

1.000 
1.000 

o 
o 
o 

0.430±0.053 0.3261 0.051 
0.59310.095 0. 110710.095 
0.319±0.090 0.20710.015 
0.286iO.085 0.2'410.018 

0.04210.041 
o 
o 
0.003 t O.060 

0.0112tO.Oij 1 
a 
o 
0.OB3M.OOO 

(a) Ill' = intake, Unit " pumped-larval table; II R = intake, Unit 1, ,'ea,'-draw plankt.on sampling flume; 0, P discharge, Unlt 1, 

(b) 
(0) 

f"mped-Iarval table; DID = discharge, Unit 1, pumpless-planklon sampling flume. 
-, standard error. 
Includes all organisms in the family Clllpeldae. 

~ 



TABLE K-2 EXTENDED SURVIVAL OF LIVE LARVAL AND JUVENILE FISHES COLLECTED AT THE INTAKE, DISCHARGE, 
AND DIFFUSER DURING ENTRAINMENT SURVIVAL SAMPLING AT THE BOWLINE POINT PLANT, 1979 

Spe(}i.es 

S~rl pcd vass 

Life Stage 

Yolk-sac 
larvae 

Post yolk-sac 
lal'vae 

Juveniles 

White perch Yolk-sac 
larvae 

Post yolk-sac 
larvae 

Clupeids(c) Post yolk-sac 
larvae 

Number of Bours 
Station(a) Organlsms 0 3 6 12 21J 118 12 __ 96 __ 

liP 
111l 
DIP 
DID 

lIP 
111l 
DIP 
DID 

lIP 
111l 
DIP 
D,D 

lIP 
11" 
DIP 
DID 

lIP 
111l 
DIP 
DID 

liP 
I1R 
DIP 
DID 

5 
7 

12 
6 

21 
27 
32 
15 

o 

a 

o 
1 
o 
4 

74 
23 
22 
19 

15 
9 
9 
9 

1.000 
1.000 
1.000 
1.000 

1.000 
1.000 
0.9171 0.080 
1.000 

1.000 1.000 
1.000 1.000 
1.000 0.938tO.043 
1.000 0.73310.114 

1.000 1.000 
1.000 1.000 

1.000 1.000 

1.000 1.000 

1.000 
1.000 
0.91110.080 
0.833±0.152 

0.95210.0116 
0.96310.036 
0.8111110.064 
0.60010.126 

1.000 
1.000 

1.000 

1.000 
0.85710.132 
0.6331 0.106 
0.661t O.192 

0.905±0.064 
0.852±0.068 
0.75010.011 
0.400±0.126 

1.000 
1.000 

1.000 

1.000 
0.85710.132 
0.8331 0.108 
O. 661±0. 192 

0.857±0.016 
0.852±0.068 
0.71910.019 
0.~OO±0.126 

1.000 
1.000 

1.000 

0.6001 0.219(b) 
O. 857tO .132 
0.150±0.125 
0.500±0.204 

0.810tO.086 
0.81510.0'(5 
0.656±0.OB4 
0.40010.126 

1.000 
1.000 

o 

0.750±0.217 0.5001 0.250 0.2501 0.217 a 

1.000 0.93210.029 0.919±0.032 0.8241 0.01111 0.716±0.052 0.67610.054 
1.000 0.91310.059 0.8701 0.070 0.8261 0.079 0.82610.079 0.13910.092 
1.000 0.95510.044 0.818±0.082 0.63610.103 0.54510.106 0.545:t0.l06 
1.000 0.695±0.070 0.579±0.113 0.526t O.115 0. 117410.115 0.474 t O.115 

1.000 0.66710.122 0.2671 0.11 11 0.1331 0.068 0.0671 0.065 0.0671 0.065 
1.000 0.556±0.166 0.3331 0.151 0.11110.105 0 0 
1.000 0.6611 0.157 0.111 i O.105 0 0 0 
i.OOO 0.'(7iiiO.139 0.667±0.157 0.222±0.139 0.lll±0.105 0.1l1±0.105 

0. 1'001 0.219 
0.85110.132 
0.58310.1~2 
O. 333tO. 192 

0. 1100:1:0.219 
0.11 111 0.171 
0.33310.136 
0.3331 0.192 

0.162±0.093 0:661±0.103 
0.815±0.075 0.74110.084 
0.6251 0.086 0.625 t O.086 
0.33310.122 0.26710.114 

1.000 1.000 
1.000 1.000 

o o 

o a 

0.500tO.058 0.378to.0r,6 
0.69610.096 0.418±0.104 
0.45510.106 0.227±0.089 
0.421 10.113 0.316tO.l07 

0.06110.065 0.067 t O.065 
o a 
o 0 
0.111±0.105 0.11110.105 

fa} 

(b) 
(e) 

I1P = intake, Unit I, pumped-larval table; 11 R = intake, Unit I, rear-draw plankton sampling flume; DIP discharge, Unit I, 
pumped-larval table; DID = discharge, Unit I, pumpless-plankton sampling rlume. 
11 standard error. 
Includes all orgnn.lsms in the ramily Clupeidae. 



TABLE K-3 EXTENDED SURVIVAL OF STUNNED LARVAL FISHES COLLECTED AT THE INTAKE, DISCHARGE, AND DIFFUSER 
DURING ENTRAINMENT SURVIVAL SAMPLING AT THE BOWLINE POINT PLANT, 1979 

Number of lIoul's 
Sp"c.ics Life Stage Station(a) Organi~ms 0 3 6 '2 2" '18 72 ~ 

Sl r iped bass Yolk-sac l,P 0 
larvae IIR 0 

D,P 0 
D,D '.000 0 0 0 0 0 0 0 

Post yolk-sac lIP I '.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
larvae 11R 2 1.000 0 0 0 0 0 0 0 

DIP 11 1.000 0.727±0.134(b) 0.455~0.150 O. 364±0. 145 0.273±0.134 0.2731 0.134 0.09110.087 0.091!0.087 
DID 3 1.000 a 0 0 0 0 0 0 

Whitc perch Yolk-sac lIP 0 
larvae IIR 0 

DIP , '.000 1.000 1.000 0 0 0 0 0 
DIll 3 '.000 0.667 t O.272 0.33310.272 0 0 0 0 0 

Post yolk-sac lIP 12 1.000 0.25010.125 0.16710.108 0.08310.080 0 0 0 0 
larvae II" 4 1.000 0.250±0.211 0.250t O.217 0 0 0 0 0 

DIP 7 1.000 0.429!0.187 0.1I;>9±0.187 O. )11310. 132 0.14310.132 0.14310.132 0.1113!0.132 0.143 t O.132 
0,0 9 1.000 0.33310.157 0.11110.105 0.111iO.l05 0.111!0.105 0.11liO.l05 0 0 

Clupeid,,(c) Fost yolk-sac lIP 9 1.000 0.222±0.139 0 0 0 0 0 0 
larvae 11R 2 1.000 O. 500±0. 354 0.500±0.354 0 0 0 0 0 

DIP 1 1.000 0.2861 0.171 0 0 0 0 0 0 
DID 3 1.000 0.33310.272 0 0 0 0 0 0 

(a) liP = intake, Unit 1, pumped-larval table; I1R = intake, Unit 1, rear-draw plankton sampling flume; DIP dlscharge, Unit I, 

(b) 
pumped-larval table; DIll = discharge, Unit I, pllmple~s-plankton sampling flllQle. 
il standard error. 

(c) Includes all organisms ill the family Clupeidae. 



TABLE K-4 SURVIVAL OF ICHTHYOPLANKTON HELD FOR 1 J~ DAYS FOLLOWING ENTHAINMENT 
AT THE BOWLINE POINT PLANT L 1979 

Propol'tlon Sur'vivlng(a) 
Bay Tesselated 

Stt'iped Bass White Per,eh Clupeldae KilJ.iflsh Darter Anchov~ 
1I P(O) J)I P 11R DID lIP DIP II" DID lIP l1R "Iii-P - -l'fjIl-

Obser'vaUon (n=6) (n='LL- (n=7) (0=1) (n=l~ (n=3) (0=6) (n=l~ (n= 1) (n=2
'
1) _(n=1) _(n=1)_ 

Initial 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.010 1.00 1.00 1.00 
3 hI' 1.00 1.00 1.00 1.00 0.86±0.09 1.00 1.00 1.00 1.00 0.79±0.08 1.00 
6 hr 0.83 l 0.15(c) 1.00 1.00 1.00 0.86:t0.09 1.00 1.00 1.00 1.00 0.50!0.10 1.00 
12 hr' 0.83!0.15 1.00 1.00 1.00 O. 71tO. 12 1.00 1.00 1.00 1.00 0.50t O.l0 1.00 
2'1 hI' 0.831:0.15 1.00 1.00 1.00 0,61110.13 1.00 1.00 1.00 1.00 0.11?'!0.10 1.00 
118 hI' 0.83!0.15 1.00 1.00 1.00 0.64!0.13 1.00 1.00 1.00 1.00 0.33!0.10 1.00 
72 h,· 0.8)±0.15 1.00 1.00 1.00 0.50±0.13 1.00 1.00 1.00 1.00 0.25!0.O9 1.00 
96 hI' o .83!0. 15 1.00 0.66t O.13 1.00 0.1I3!0.13 0.671 0.21 0.671 0.19 1.00 1.00 0.21tO.08 1.00 
5 day 0.83±0.15 0.8610.13 0.86±0.13 1.00 I 0.29±0.12 0.313±0.21 0.5010.20 0.00 1.00 0.17±0.0f\ 1.00 
6 day 0.831 0.15 0.711O.1·{ OS{±0.19 1.00 0.29!0.12 0 .. 33±0.27 0.50±0.20 0.00 1.00 0.11±0.06 1.00 
7 day 0.83±0.15 0.71 t O.17 O.57±0.19 1.00 0.29 t O.12 0.33t O.21 0.50±O,.20 0.00 0.00 0.13±0 • .o1 1.00 
6 day 0.83±0.15 0.11!0.17 0.43!0.19 1.00 0.29t O.12 0.33±0.2'{ 0.50±0.20 0.00 0.00 0.13!0.01 1.00 
9 day 0.8)!0. '15 0.11t0.l1 0.43t O.19 1.00 0.29t O.12 0.33 t O.21 0.50j :0.20 0.00 0.00 0.13t O.07 1.00 
10 day 0.83±0.15 0.11 t O.17 0.I13t O.19 1.00 0.29!0.12 0.33±0.27 O. 33±0. 19 0.00 0.00 0.06to.06 1.00 
11 day 0.8):10.15 0.11±0.", 0.43!0.19 1.00 0.21tO.l1 0.3310.27 0.33tO.19 0.00 0.00 0.06±0.06 1.00 
12 day 0.63"0.15 0.51±0.,19 0.113±0.19 1.00 0.21t0.l1 0.33t O.27 0,331 0.19 0.00 0.00 0·96tO.06 1.00 
13 day 0.8):tO.15 0.57tO.19 0.113t O.19 1.00 0.21±0.11 O. 33tO. 2" 0~33tO.19 0.00 0.00 0.04tO.011 1.00 
111 day 0.8}10.15 0.571 0.19 0.43±0.19 1.00 0.14t O,.09 0.3310.27 0.33 t O.19 0.00 0.00 0.011tO.01l(d) 1,00 

Includes all life stages, , \a) 
(b) liP = pumped larval table (Intake); DIP = pumped larval table (discharge); IlR pumpless plankton sampling flume (intake); 

D1D = pumpless planktot'j sampling flume (diffuser). 
(e) 
(d) 

± standard error. 
Specla 1 bay anchovy study conducted a.t Bowline lnt~k,~ from 23 July to 13 August; sUI"vlving anchovylarvac Were beld fol' 99 days 
following collection. 

1.01) 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00, 

') 



APPENDIX L 

SUMMARY OF SURVIVAL OF HATCHERY-REARED STRIPED BASS 
BY SAMPLE DATE FOR DIRECT RELEASE STUDIES 
CONDUCTED AT THE BOWLINE POINT PLANT, 1979 



lie lease 
Dal;e 

21 MAY 

22 MAY 

24 MAY 

211 nAY 

25 MAY 

29 MAY 

TABLE L-l SUMMARY OF SURVIVAL DATA FOR HATCHERY-REARED STRIPED BASS BY SAMPLE DATE FOR 
DIRECT RELEASE STUDIES CONDUCTED AT THE BOWLINE POINT PLANT, 1979 

I.,ife Stage/Ag(> 

Eggs/I day since 
ovulation 

Eggs/3 days since 
ovulation 

Eggs/2 days since 
ovulaUon 

Yolk-sac larvae/ 
5 days 

Yolk-sac larvae/ 
3 days 

Yolk-sac lal'vnel 
II days 

Station/Sample Type 

Bolding controls 
Intake--pump injected 

controls 
Illtake--pumpless 

injected controls 
Discharge standpipe 
Vischarge diffuser 

Holding controls 
Intake--p"mp injected 

controls 
Intake--pumpless 

injected controls 
Discharge standpJ.pe 
Discharge d Hfuser 

1I01<11ng controls 
Inlake--pump injected 

controls 
Intake--pumpless 

injected controls 
Discharge standpipe 
Discha"ge diffuser 

1I01ding controls 
Intake--pump injected 

controls 
Intake--pumpless 

injected controls 
Discharge standpipe 
Discharge d1ffusol' 

Holding controls 
Intake--pump injected 

controls 
Intake--pumple3s 

injected controls 
Discharge standpipe 
Discharge dIffuser 

1l01dlng controls 
Intake--pump injected 

controls 
Iniake--pump gear 

controls 
Intake--pumpless 

injected controls 
I nt a ke--pllmp less g~ar 

contl'ola 

Pump 
Operation 

2-full 

2-full 

2-fu11 

2-fu11 

2-full 

2-full 

Temp. 

~ 
19.0 
20.0 

20.0 

19.0 

21.0 
21.0 

19.0 
19.0 

19.0 
19.0 

19.0 

19.0 
18.0 

19.0 
19.0 

19.0 

19.0 
18.0 

19.0 
18.0 

18.0 

19.0 
18.0 

19.0 
19.0 

19.0 

20.0 

Uo. of 
Fish 

113 
41 

16 

21 

46 
36 

6 
8 

33 
63 

143 

11 
19 

43 
109 

136 

30 
15 

116 
3
'
1 

24 

44 
22 

41 
50 

116 

52 

P,'oportion Alive(a) 
-'''In-i'''t'''[~a~l':''':''::.!:.: 2Q-llour 96-IIour 

1:00010.000 1.000±0.000 1.00010.000 
0.553±0.073 0.277±0.065 0.2Tlt.0.065 

1.000±0.000 1.000±0.000 1.000±0.000 

0.44Q±0.096 0.222±0.080 0.222±0.080 

1.000iO.000 0.978±0.022 
0.8331 0.039 0.8331 0.039 

0.500!0.2011 0.500±0.2011 
0.750±0.153 0·750±0.153 

1.000±0.000 0.970±0.030 
0.810±0.049 0.714±0.057 

0.944±0.019 0.902±0.025 

O.OOO:!: -- O.OOO:!:--
0.789±0.094 0.18910.094 

1.000iO.000 
0.220!0.040 

0.1 110±0.030 

0.300±0.084 
0.267±0.114 

1.000iO.000 
0.382±0.083 

0.20810.083 

0.227±0.063 
0.273±0.095 

1.000i O .000 
0.480i O.0·11 

0.543±0.013 

0.269±0.061 

0.721 10.068 
0.119±0.031 

0.103±0.026 

0.267±0.081 
0.200±0.103 

1.000±0.000 
0.32410.080 

0.208±0.083 

0.159i O.055 
0.227±0.089 

0.561±0.078 
0.200±0.057 

0.28Jt O.066 

0.173t O.052 

0.97810.022 
0.8331 0.039 

0.500±0.204 
0.75010.153 

0.909±0.050 
0.683t O.059 

0.811±0.033 

0.0001 -
o. 737!0. 101 

0.3119±0.073 
0.073±0.025 

0.059±0.020 

0.06'710.0116 
0.067±0.065 

0.717!0.066 
0.235±0.073 

0.12510.068 

0.159±0.055 
O.OOO± 

0.317±0.073 
0.180t O.0511 

0.109±0.046 

0.058:!:0.032 

Prop. 
Released 

Dead 
Adjusted Propo,·tion Alive 

.....lg~ 24-lIoul' ---12=lIou,'_ 

0.02 

(29.40) 
( 111. 70 ) 0 • 306 ±O • 085 

0.272±0.116 
0.02 

(43.12) O. 231±0 .064 
(21.56) 0.278±0.096 

0.07 

0.272 ±O .082 
0.204±0.105 

0.162±O.056 
0.232:!:0.091 

0.068±0.048 
0.068±0.0£'6 

O. 162±0 .056 
O.OOOt --



TABLE L-1 (CONT.) 

Pr·opor·tion Alive(a) 
Prop. 

Release Pump Temp. No. of Released ___ ~usted _Pr'oE'lrtion AIly_e ___ 

,J!.'!~~_ Li fe StaKe/Age_ _~a t lon{,S~ ,~,~.11..P.~ QQeration .-ifL Jis~ - Initial - 24-ii(iiir- _--26::jlour- Dead ---.!!t 1 t1 a 1 ~~- _9..6-1!~!!:.-

29 MAY Oischarge standpipe 19.0 26 0.500tO.098 O. 3~6±0.093 0.03810.031 2q .18 0.1)3810.101 0.312.!:0.098 O.OII1±O.OQO 
(cont. ) l)ischarge standpipe 19.0 31 0.61110.0811 0.61310.081 o .118Q±0 .090 

gear control 
Dlscharge diffuser 18.0 8 0.3'1510.111 0.25010.153 o. 250±0. 153 (1. 1111) 0. 110310.180 0.269tO.163 o .269±0. 163 
Discharge diffuser 19.0 22 0.636±0.103 o .1109±0. 105 0.182:1.:0.082 

gear control 

31 MAY Post-yolk-sac Holding controls 2-full 20.0 119 1.000±0.000 0.1 11310.050 o .061±0.03'1 0.09 
larvae/9 days Intake--pump injected 20.0 36 0.2631.0.011 iJ.164!O.063 0.132±0.055 

controls 
lntake--pump gea,' 20.0 20 0.15010.091 0.40010.110 0.35010.107 

controls 
Intake--pumpless 21.0 55 0.582±0.067 0.20010.054 0.162±0.052 

injected controls 
Intake--pllmpless gear 20.0 21 0.76210.093 0.61910.106 0. 112910.108 

control 
Oischarge standpipe 20.0 59 0.Q56!0.065 O. 339±0 .062 O. 2511±0. 057 (53.69) 0.503±0.066 'J. 313 iO .066 0.219 ±O. 061 
Discharge standpipe 20.0 23 0.522 to. 10'1 0.Q76±0.104 0.391±0.102 

gear control 
Discharge diffuser 20.0 26 ,O.308~0.091 0.192±0.071 0.15410.011 (23.66) 0.338.!:0.091 0.211±0.01l4 0.16910.0'l7 
Discharge diffusor 19.0 27 0.29610.086 0.111t0.060 0.111±0.060 

gear control 

5 JIJN Post-yolk-sac Holding controls 2-full 22.0 119 I .00010.000 0.19610.056 0.691110.066 0.06 
larvae/7 and Intake--pllmp injected (Unit 2) 22.0 ~II 0.3'1110.011 0.20510.061 0.162±0.056 
1'1 days contro 1" 

Intake--pump gear 21.0 26 o .131±0.061 0. 112310.097 0.308±0.026 
control 

Intake--p'lmpl"lss 22.0 115 0.1167,tO.07Q o .333±0.070 0.33310.010 
injected cant"o 1 s 

Intake--puropless gear 22.0 25 0.3201:0.093 0.280tO.090 0.230tO.090 
control 

Discha"ge standpipe 211.0 112 0.Q52±0.077 o .1129!0 .016 0.405tO.015 <39. 118) 0.1181.tO .080 0. 1156 :!i). 019 0.1131-!o ,019 
Discharge standpipe 21.0 22 O. 500±0. 101 o .1155±0. 106 0.31810.099 

gear cont.ro 1 
Dlscharge diffll~er 
Disch~rge diffuser 

6 .JIJN Post-yolk-sac 1I0·ldlng controls 2-full 21.0 50 1.0ll0W.000 0.960tO.028 O. 560±0. 010 0.01 
larvae/16 days Int.ake--pump Injected (Unit 2) 21.0 50 0.8~0±0.052 o .8110iO.052 0.560tO.070 

controls 
Int.ak"--purnp gear 20.0 20 0.950±0.049 0.85010.060 0.55010.111 

cont.rol 
Intake---pumplP11S 21.0 Iill 0.932±0.038 0.61I1tO.055 o .591±0.0111 

i IIject.etl "ontrol", 
Tntuk"--purnplcss gear ;>1.0 24 0.958±0.0~1 o .108tO.093 0.511210.102 

cont.r'ol 
II i 'tchnr'ge ntnnc\p i pe 25.0 58 0.1111±0.058 0.71Ilto.or;8 0.655tO.062 (51.h2) 0.1'19±0.057 O.7119±0.051 0.662tO.062 



TABLE L-1 (CONT. ) 

ProEortion Alive(a) 
Prop. 

1101 e""e Pump Temp. No. of Released ___ Adjuste~!:2.£ortionyJ.iy_e ___ 

Dat.e __ ..-!:Ji.e S~~~..!&.e_ _Stati~~2.!'!i'le Type Operation -.ill- Ft.s!!... Initial 24-lIour 96-lIour Dead .--.!!!.it~ 24-lIour -..-96-1~ 

6 JlJN Discharge standpipe 2'1.0 28 0.821±0.072 0.71 11 ±o.085 0.571±0.0911 

(cont. ) gear control 
Dischar'ge diffuser 
Discharge d Hfuser 

gear cont.ro 1 

12 JUN Post-yolk-sac Holding control 2-f"11 21.0 50 1. 000 ±O • 000 0.960!0.028 a .IIOO±O .069 0.04 

larvae/21 days Intake--pump 21.0 '14 0.864±0.052 0.750±0.065 0.409±O.074 
injected controls 

Intake--p"mp ge".r 21.0 26 0.8116!O.071 0.808tO.077 0.3116±0.093 
contr'ol 

Intake--p'/lDp less 21.0 27 0.963±0.036 0.852tO.068 0.481:!:0.096 
Injected controls 

Intake--pumpl ess gear 21.0 22 1.0DO±O.OOO 0.909.t0.061 0.5'15:10.106 
control 

Discharge standpipe 21.0 37 0.781I!O.068 0.676±0.077 0.243:10.071 (35.52) 0.816±0.065 0.701I±O.077 0.25310.073 

Dischal'ge standpipe 21.0 29 o .sn±o .056 0.828±0.070 0.379±0.090 
s"ar control 

Discharge dlffuser 21.0 16 0.813t O.097 0.750tO.l06 0.688:10.116 (15.36) O,8116±0.092 0.78ao.IOG 0.716±D.115 
Discharge diffuser 20.0 30 0.967:!:0.033 0.833±0.068 0.40010.089 

gear control 

13 ,JUN Post.-yolk-sae Holding controls 2-full 20.0 45 I.OOO±O.OOO 0.8114:!.0.054 0.n8±0.05'[ 0.09 
lal'vae/22 days Intake--pump injected 21.0 43 0.8111:!:0.059 0.19110.062 O. 302tO .010 

controls 
Intake--pump gear 21.0 26 0.923tO.052 0.769±0.083 o. 192±0 .071 

control 
Intake--pumpless 21.0 46 0.935±0.036 0.913 t O.042 0.391!0.072 

Injected controls 
lnt.ake--pumpl ess gear 21.0 22 0.95510.0114 0.12'[10.095 O. 318!0 .099 

control 
Discharge standpipe 21.0 112 o .8Sao .050 o. 738tO .068 0.119±0.050 (38.22) 0.96810.028 0.811±0.063 o. 13UO ~055 
Discharge standpipe 21.0 21 1.000±0.000 1.000tO.000 O. 429±0. 108 

gear cont.r·o 1 
Discharog() diffuser 21.0 11 0.882:!.0.O'[8 0.824±0.092 0.4IUO.119 ( 15.41) 0.9'70tO.0113 0.90510.015 0.45210.127 
Discharge diffuser 21.0 24 1.00010.000 0.95810.041 O. 458±0. 102 

gear cont.ro 1 

19 JlJN Po:;t-yolk-sac Holding contr'ols 2-fu11 23.0 118 1.000±0.000 0.70810.066 0.161±0.054 0.11 

lal'vae/21 days Int.ake--pump injected 23.0 46 0.60910.072 0.391±0.072 0.08110.0112 
controls 

Intake--pump ge"r 24.0 26 0.'73110.081 0.517 to. 091 0.154±0.011 
control 

Int.ake--pllmpless 23.0 116 0.935±0.036 0.82610.056 0.326±0.069 
Injected controls 

Intake--pumpless gear 2Q.0 26 O.923±0.052 0.885tO.063 0.231tO.0!l3 
contl'ol 

Disr.harge dlff.",er 2'/.0 73 0.49310.059 0.397 ±o .051 O.082tO.032 (611.97) 0.554!0.062 0.411610.062 0.09210.036 



TABLE L-1 (CONT. ) 

Proportion Alive(a). 
Prop. 

Re]C<lfiG Pump Temp. No. of Relea:le'l ____ ~ju3te<!...!'!.£P..~.li~AlJ ve ____ . 

_.Ili"lte_ ._lcife Stage/AJl~ Station/Sample T~ .9peration ..J.fL Fi"h Initial __ ?II-1l0l!!:._ ~-lIo~ ~_ InitIal _ 24-llouI: -1~::!!~.r:. _ 

1'l ,!UN J)ischarge sti"lndpl pe 21.0 31 0.711210.079 O. 613tO .087 O. 323tO .0811 
(cont. ) gear control 

Dischar'ge diffuser 26.0 9 O. 222±0. 139 0.2?!0.139 0.llltO.l05 (8.01) 0.250!0.153 0.2<;01:0.153 O. 125tO. 117 

J)i"charge d Hfuser 26.0 31 0.903tO.053 0.'1112±0.079 O. 323±0. 08'1 
gear control 

20 JUN Poso-yolk-sac Holding control 2-full 26.0 '19\ 1.000±0.000 0.980tO.020 O. 3'17l:0. 068 0.05 

I arvae/22 days Intake--pump Injected 2~ .0 38 \ 0.605±0.079 0.1i21±0.060 0.132±0.055 
controls 

Intake--pump gcar 24.0 26 0.679±0.066 0.536tO,0911 0.107tO.056 
contr'ol 

Intake--pumpless 211.0 35 0.657±0.059 0.800±0.066 0.171t0.0611 
inject.eel controls 

Jntake--pumpless gei"lr 24.0 32 0.531tO.086 O,~36±0.066 0.094±0.052 
cont.rol 

Discharge st.andpl pe 26.0 1~9 0.363±0.0'10 0.3119±0.039 0.067±0.023 ( tlll.55) 0.1103±0.0111 0.367±O.0111 0.092 to .02~ 
DIscharge standpipe 27.0 28 0.393±0.092 0.250±0.062 O.OOOt 

geal' contr'ol 
Discharge d I rfuser' 25.0 29 0. 11 !litO .091 0.3115tO.088 O. 103tO .056 (21.55) 0.1136±O.09~ 0.36310.092 0.109±0.059 

DI3charge diffuser 27.0 31 o .58HO.069 0.355±0.066 0.129±0.060 
gear control 

22 JUN Post-yolk-sac lIoldlng (!ontrols 2-full 24.0 ~6 1.000tO.000 0.69610.0~~ 0.396±o.0·11 0.29 
larvae/23 days InLake--pump injected 23.0 50 0.500tO.071 o .'I'IOtO. 702 0.220.tO.059 

controls 
Intake--pump gear 23.0 22 0.66~tO.073 0.864±O.073 0.361ItO.l03 

cont.rol 
lntake--p'lmpl ess 23.0 38 0.69510.050 0.76910.066 O. 368±0 .078 

injected controls 
Int.ake--~rmpless gear 23.0 26 0.646tO.071 0.8'I6±O.071 o .1162±0. 096 

control 
Discharge standpipe 27.0 ~'I 0.61410.073 0.591!0.074 0.3'1110.071 (31.24) 0.86'I±0.061 0.83210.06'1 0.480±O.089 

Discharge standpipe 27.0 25 0.960tO.039 0.920±0.05'I 0.560±0.099 
gear' control 

Discharge diffuset' 27.0 19 0.52610.115 0.526±O.115 0.31610.107 ( 13 .'19) 0.711 1 to. 119 0.7'll:tO.119 0. 11'1510.135 

Dlschat'ge diffuser' 26.0 26 1.000±0.000 0.962±0.037 0.65'110.093 
gear contro I 

25 JllN Post-yolk-silc !lolding contl'ol 2-full 23.0 50 1.000±0.000 0.980±0.020 0.58010.070 0.05 
larvae/31 days Intake--pump inject.ed 22.0 '10 0.625tO.060 0.75010.066 0.'15010.079 

contr'o Is 
Intake--pump gear 22.0 24 0.956±0.041 0.633±0.076 0.456±0.102 

control 
Intal<e--pllmp le33 ~2.0 53 1.000±0.000 1.000!0.000 0.6112±0.066 

injected controls 
IIIt.ake--pumpless gear 22.0 ;>8 0.96'1±0.035 0.92910.0'19 0.607±0.092 

control 
Discharge ntandpipe 23.0 30 0.733±0.081 0.7.B±0.081 0.'167·tO.091 (28.5) 0.772±0.079 0.772±O.079 0.'191±0.094 



Release 
_~~te_ 

25 JUN 
(cont. ) 

Pump 
Life ~age/Ag~ Station/Sam[!.~ ~ratlon 

Discharge standpipe 
gear control 

Discharge diffuser 
Dlschar'ge diffuser 

geal' contro 1 

Temp. 
_i£L 
23.0 

22.0 
22.0 

TABLE L-1 (CONT.) 

No. of 
Fish 

26 

6 
26 

_~~~~P~r'~o~p~ortlon Alive(a) 
-Initial -- 21t-Hour y-liour 

0.9611±0.035 

0.633±0.152 
1.000±0.000 

0.961t±0.035 

0.633±0.152 
0.923±0.052 

0.'I?9 t O.0911 

0.661tO.192 
0.500 t O.096 

PI'Op. 
Released Adjusted Pr'oportion Alive ___ _ 
~_ ----1!IJ!;ial _ 21t-llour --2§'-llour 

(5.1) 0.677:1:0.136 0.817±0.138 0.702±0.192 



APPENDIX M 

ESTIMATED NUMBERS OF ENTRAINED STRIPED BASS 
AND WHITE PERCH AT THE BOWLINE POINT PLANT 

COMPARED WITH REGIONAL AND RIVERWIDE 
STANDING CROPS 



APPENDIX M 

M-1 Data Sources 

Estimates of numbers entrained were derived on a weekly basis to duplicate 
the weekly interval used for the river ichthyoplankton surveys (TI 1978, 
1979, 1980a, 1980b, 1980c). In order to obtain weekly estimates, the densi
ties of entrained post-yolk sac larvae were first calculated for each sam
pling day using the pumped abundance samples collected at the discharge. 
Since samples were generally collected on from 3 to 5 days per week, densi
ties for days not sampled were interpolated from the two adjacent sampling 
dates. The daily numbers entrained (N) were then estimated as follows: 

N = Volume Pumped • Density Entrained 

The daily numbers were then summed across appropriate weekly intervals. 

Standing crop estimates were obtained from data appendixes in the annual year 
class reports for the Hudson River multiplant impact study (TI 1978, 1979, 
1980a, 1980b, 1980c). 

M-1 



TABLEM-1 ESTIMATED NUMBERS ENTRAINED BASED ON DISCHARGE ABUNDANCE 
SAMPLING AT THE BOWLINE POINT GENERATING STATION 
COMPARED TO STANDING CROP ESTIMATES(a) FOR 1919 

Standing Crop 
No. ( 1 zOOO' s) 

Lifestase(b) 
Entrained Croton-

Sl2ecies Date (1 zOOO' s) Haverstraw Riverwide 

Striped YSL 1-12 MAY NS(c) 113 4,221 
bass 14-18 MAY NCI .. ) 2,831 80,922 

21-24 MAY 0 2,591 198,635 
29 MAY - 1 JUN 0 30,042 257,094 
3-9 JUN ? _" 1,247 71,249 
10-16 JUN 17' 2,847 52,074 
17-23 JUN 66 113 21 ,397 
25-29 JUN 0 0 2,026 
30 JUN - 1 JUL 7 NS NS 
2-6 JUL 0 0 288 

PYSL 14-18 MAY NC' .. , 397 1,032 
21-24 MAY 0 1 ,751 100,995 
30 MAY - 2 JUN 511 28,944 314,550 
3-9 JUN 165 41,599 178,368 
10-16 JUN 260 34,503 189,629 
17-23 JUN 653 27,991 172,183 
24-30 JUN 3011 5,593 49,289 
1-7 JUL 62 492 16,738 
11 JUL 6 NS NS 
16-20 JUL NC::' .. ' 1,383 3,989 
30 JUL - 3 AUG NC::' .. ' 0 29 

White Eggs 7 -12 MAY NS 538 86,930 
perch 14-18 MAY NS 23 476,323 

21-26 MAY 160 154 90,329 
27 MAY - 2 JUN 248 0 372,922 
3-9 JUN 928 4,867 200,015 
10-16 JUN 501 21 34,393 
17-23 JUN 108 19 19,710 
24-30 JUN 70 0 233 
1-6 JUL 12 0 0 

(a) Data transmittal from Texas Instruments, Inc. (TI), Dr. Irvin Savidge, 
10 September 1980. 

(b) YSL = yolk sac larvae; PYSL = post yolk-sac larvae. 
(c) NS = no sample. 



TABLE M-1 (CONT. ) 

Standing Crop 
No. (1 I OOO's) 

Entrained Croton-
Species Lifestage Date (1,OOO's) Haverstraw Riverwide 

YSL 7-12 MAY NS 2,108 52,658 
14-18 MAY NS 2,495 262,344 
21-24 MAY ° 1,520 89,591 
29 MAY - 2 JUN 1 1,388 119,166 
3-9 JUN 129 4,640 ·149,251 
10-16 JUN 142 9,096 49,222 
17-23 JUN 194 1,175 20,524 
24-30 JUN 14 0 122 

PYSL 7-12 MAY NS 27 2,182 
14-18 MAY NS 4,257 456,812 
21-24 MAY 11 3,496 963,231 
30 MAY - 2 JUN 39 74,352 1,205,235 
3-9 JUN 1,065 45,230 891,405 
10-16 JUN 761 121,689 1,966,504 
17-23 JUN 550 66,087 1,651,631 
24-30 JUN 161 10,375 912,307 
1-7 JUL 47 515 424,252 
8-13 JUL 20 NS NS 
16-20 JUL NS 237 68,215 



TABLE M-2 ESTIMATED NUMBERS ENTRAINED BASED ON DISCHARGE ABUNDANCE 
SAMPLING AT THE BOWLINE POINT GENERATING STATION 
COMPARED TO STANDING CROP ESTIMATES(a) FOR 1978 

Standing Crop 
No. (1 z000's) 

Entrained Croton-
Species Lifestage(b) Date (1,000's) Haverstraw Riverwide 

Striped YSL 15-16 MAY ° 1,915 4,370 
bass 22-25 MAY a 7,415 51,880 

31 MAY - 3 JUN 115 18,421 183,973 
4-10 JUN 1,881 15,437 308,012 
11-11 JUN 1,233 2,214 16,511 
18-24 JUN 38 33 2,604 
25-29 JUN '52 0 1,989 

PYSL 13-14 MAY 18 a 0 
15-27 MAY a 0 33 
28 MAY - 3 JUN 39 3,661 76,212 
4-10 JUN 1,465 36,280 439,062 
11-11 JUN 4,530 111 ,682 413,587 
18-24 JUN 1,164 3,424 65,617 
25 JUN - 1 JUL 606 3,843 23,292 
2-9 JUL 1 98 40,483 

Jf.N 16-17 JUN 2 0 ° 18-24 JUN }~4 0 14 
25 JUN - 1 JUL 166 261 619 
2-6 JUL 25 NS(c) NS 
7-12 JUL 0 0 2,217 
13-20 JUL }~9 1,456 2,424 
31 JUL - 4 AUG a 205 520 

White EGGS 9-13 MAY 192 0 17,129 
perch 14-20 MAY 594 a 141,110 

21-27 NAY 2,990 2,350 332,844 
28 MAY - 3 JUN 2 ,8;',~6 97 1,093,566 
4-10 JUN 9J.~5 11,458 132,422 
11-17 JUN 509 22,049 88,021 
18-22 JUN 97 158 23,457 
23-28 JUN 0 0 4,268 
29 JUN - 4 JUL 19 0 a 

(a) From TI 1980b. 
(b) YSL = yolk sac larvae; PYSL = post yolk sae larvae; Jf.N = juvenile. 
(c) NS = no sample. 



TABLE M-2 (CONT.) 

Standing Crop 
No. (1 z000's) 

Entrained Croton-
Species Lifestage Date (1 ,OOO's) Haverstraw Riverwide 

White YSL 22-25 MAY ° 8,005 176,043 
perch 27 MAY - 3 JUN 267 10,548 135,598 

4-10 JUN 458 48,688 125,042 
11-17 JUN 258 3,030 57,050 
18-24 JUN 60 154 8,540 
25-26 JUN 19 0 590 
27 JUN - 13 JUL 0 0 ° 14-20 JUL 5 0 0 

PYSL 24-27 MAY 67 6,135 116,612 
28 MAY - 3 JUN 419 29,674 832,362 
4-10 JUN 2,289 72,719 2,497,576 
11-17 JUN 1,681 141,410 2,826,613 
18-24 JUN 542 7,422 984,453 
25 JUN - 1 JUL 549 9,153 423,969 
2-9 JUL 22 ° 33,461 
17-20 JUL 0 19 3,177 



TABLE M-3 ESTIMATED NUMBERS ENTRAINED BASED ON DISCHARGE ABUNDANCE 
SAMPLING AT THE BOWLINE POINT GENERATING STATION 
COMPARED TO STANDING CROP ESTIM~TES(a) FOR 1911 

Standing Crop 
No. ( 1 z 000 IS) 

Entra.ined Croton-
Sl2ecies LifestaseCb) Date 1.1:..Q.90 IS) Haverstraw Riverwide 

Striped YSL 2-5 MAY NSCc) 48 109 
bass 9-12 MAY NS 14,039 58,361 

16-19 MAY 6 4,184 94,118 
23-26 MAY 0 16,310 258,966 
31 MAY - 4 JUN 61 3,968 532,853 
6-11 JUN 198 11,619 110,992 
13-16 JUN 0 1,355 21,319 
20-24 JUN 0 15 1 ,139 

PYSL 11-21 MAY 30 0 9 
22-28 MAY 366 684 2,358 
29 MAY - 4 JUN 1, 'r02 2,202 383,203 
5-11 JUN 4,146 81,816 559,425 
12-18 JUN ~592 6,539 213,199 
19-25 JUN 119 10,139 78,867 
26 JUN - 1 JUL 98 1,842 29,112 
2-6 JUL 56 934 3,732 
11-15 JUL 0 131 688 

JUV 15-18 JUN 62 0 0 
19-20 JUN 22 0 0 
21-26 JUN 0 0 0 
27 JUN - 1 JUL 324 39 2,241 
2-8 JUL 139 416 3,305 
9-15 JUL 25 990 2,501 
16-20 JUL 13 NS NS 
25-31 JUL 9 5,168 11,106 
8-12 AUG 0 39 8,369 

White EGGS 12-14 MAY ;236 31 41,180 
perch 15-21 MAY 1,1337 432 26,232 

22-28 MAY 1 ,,1.~29 223 139,043 
29 MAY - 4 JUN 389 19 32,908 
5-9 JUN 4 638 23,385 
13-16 JUN 0 8,571 9,461 
11-20 JUN 28 NS NS 
21-24 JUN 0 0 2,695 
19-20 JUL 14 0 0 

(a) TI 1980b. 
(b) YSL = yolk sac larvae; PYSL = post yolk sac larvae; JUV = juvenile. 
(c) NS = no sample. 



TABLE M-3 (CONT.) 

Standing Crop 
No. (1 z000's) 

Entrained Croton-
Species Lifestage Date (l,OOO's) Haverstraw Riverwide 

White YSL 16-19 MAY 0 430 79,627 
perch 23-28 MAY 35 13,330 300,735 

29-31 MAY 13 3,616 116,207 
6-9 JUN 0 1,364 53,050 
13-16 JUN 0 85 3,307 
20-25 JUN 57 77 1,261 

PYSL 20-21 MAY 6 120 3,154 
22-28 MAY 326 2,370 232,995 
29 MAY - 4 JUN 686 2,113 1,490,746 
5-11 JUN 882 34,992 1,846,626 
12-18 JUN 112 1,630 1,413,347 
19-25 JUN 106 5,238 463,065 
26 JUN - 1 JUL 126 905 230,362 
2-8 JUL 55 3,076 50,146 
9-11 JUL 21 132 20,981 



TABLE M-4 ESTIMATED NUMBERS ENTRAINED BASED ON DISCHARGE ABUNDANCE 
SAMPLING AT THE BOWLINE POINT GENERATING STATION 
COMPARED TO STANDING CROP ESTIMATES(a) FOR 1916 

Standing Crop 
No. ( 1 zOOO 's) 

Entra:Lned Croton-
Species Lifestage(b) Date (1 zOOO 's) Haverstraw 

Striped YSL 2-8 MAY ;~7 0 
bass 9-15 MAY 1'19 440 

16-22 MAY 134 9,647 
23-29 MAY :~5 3,603 
1-4 JUN ° 1,482 
7-12 JUN 13 2,171 
13-19 JUN 90 3,541 
20-21 JUN 11 87 

PYSL 3-5 JUN 3 284 
6-12 JUN 'r8 1,295 
13-19 JUN 41~6 14,313 
20-26 JUN 1,431 44,789 
27 JUN - 3 JUL 81~6 8,899 
4-10 JUL 2'r2 1,674 
11-17 JUL 1 J~8 15 
18-19 JUL 5 0 

JUV 28 JUN - 3 JUL 3 0 
4-10 JUL 31 161 
11-15 JUL ;~5 161 
22-24 JUL 4 NS(c) 
25-29 JUL 10 1,535 
10-13 AUG ° 115 

White EGGS 26 APR - MAY 36 0 
perch 2-8 MAY 2,296 1,448 

9-15 MAY 1,104 3,834 
16-22 MAY 9:28 2,111 
23-29 MAY 4,998 21,027 
30 MAY - 5 JUN 8;26 1,013 
6-12 JUN 199 3,058 
13-19 JUN 339 116 
20-26 JUN 62 1,608 
21 JUN - 3 JUL 91 592 
4-6 JUL 9 ° 

(a) TI '1919. 
(b) YSL = yolk sac larvae; PYSL = post yolk-sa(:! larvae. 
(c) NS = no sample. 

Riverwide 

59 
1,133 

116,399 
18,150 
47,796 

100,651 
152,212 
15,034 

804 
24,191 

242,065 
184,805 
47,211 
8,320 
1,863 

0 

1 
1,149 
2,248 

NS 
4,180 
1,235 

31,315 
103,753 
118,939 
436,159 
83,164 

243,047 
375,801 
62,523 
13,028 

1,144 
888 



TABLE M-4 (CONT.) 

Standing Crop 
No. (l,OOO's) 

Entrained Croton-
Species Lifestage Date (l,OOO's) Haverstraw Riverwide 

White YSL 3-5 MAY 0 69 25,977 
perch 10-13 MAY 0 12,927 85,486 

14-19 MAY 16 8,409 292,892 
20-31 MAY 0 13,129 83,922 
1-5 JUN 3 1,446 60,098 
6-12 JUN 44 2,494 116,627 
13-19 JUN 9 1,377 149,997 
20-22 JUN 10 304 17,723 
28 JUN - 1 JUL ° 199 663 

PYSL 2-8 MAY 5 15 1 ,134 
9-15 MAY 55 3,361 12,326 
16-22 MAY 71 3,115 77,372 
23-29 MAY 124 36,792 137,918 
30 MAY - 5 JUN 179 6,260 30,207 
6-12 JUN 31 1,434 442,733 
13-19 JUN 34 7,369 1,708,436 
20-26 JUN 165 20,870 2,080,263 
27 JUN - 3 JUL 410 18,380 675,509 
4-10 JUL 229 11,996 205,945 
11-17 JUL 320 2,304 189,160 
18-24 JUL 28 NS 4,992 



TABLE M-5 ESTIMATED NUMBERS ENTRAINED BASED ON DISCHARGE ABUNDANCE 
SAMPLING AT THE BOWLINE POINT GENERATING STATION 
COMPARED TO STANDING CROP ESTIMATES(a) FOR 1975 

Standing Crop 
No. (1 z000's) 

Entrained Croton-
Species Lifestage(b) Date ilz.Q.Q0's) Haverstraw 

Striped YSL 8-11 MAY 1 ° bass 12-18 MAY 7 172 
19-25 MAY 12 5,884 
26 MAY - 1 JUN 18 30,481 
2-8 JUN 26 56,258 
9-14 JUN 1 1,065 
16-19 JUN ° 104 

PYSL 8-11 MAY 2 0 
12-18 MAY 13 0 
19-25 MAY 24 0 
26 MAY - 1 JUN 35 2,354 
2-8 JUN 314 47,024 
9-15 JUN 1, '155 75,808 
16-22 JUN ln8 4,234 
23-29 JUN '188 1,933 
30 JUN - 4 JUL 8 89 

White PSYL 8-10 MAY 1 NS(c) 
perch 11-17 MAY 8 0 

18-24 MAY 19 102 
25-31 MAY 28 35,788 
1-7 JUN 351 58,143 
8-14 JUN 1 ,.I.~46 61,495 
15-21 JUN 1 ,056 19,997 
22-28 JUN 665 31,064 
29 JUN - 4 JUL 217 7,236 
7-10 JUL 0 139 
14-19 JUL 3 837 
20-24 JUL 8 38 
28-31 JUL 0 103 

(a) TI 1978. 
(b) YSL = yolk sac larvae; PYSL = post yolk-sac larvae. 
(c) NS = no sample. 

Riverwide 

° 508 
41,866 

492,458 
397,964 

8,323 
1,370 

° ° 130 
18,306 

716,670 
572,990 
43,082 
31,905 
12,820 

NS 

° 13,773 
832,656 

1,378,144 
797,302 
178,107 
339,745 
224,029 

56,802 
15,892 
2,421 
1,045 



APPENDIX N 

SUMMARY OF RESULTS FOR STATISTICAL ANALYSES PERFORMED TO 
EVALUATE ICHTHYOPLANKTON ENTRAINMENT SURVIVAL AT THE 

BOWLINE POINT PLANT, 1979 



TABLE N-1 RESULTS OF THREE-WAY CONTINGENCY ANALYSIS FOR INDEPENDENCE 
AMONG STATION, INITIAL SURVIVAL, AND COLLECTION GEAR FOR 
ENTRAINMENT SURVIVAL STUDIES AT THE BOWLINE POINT PLANT, 1979 

Striped Bass Post Yolk-Sac Larvae 

Source df 

Gear x station independence 

Station x survival independence 

Gear x survival independence 

Gear x station x survival interaction 1 

Gear x station x survival independence 4 

White Perch Post Yolk-Sac Larvae 

Source 

Gear x station independence 

Station x survival independence 

Gear x survival independence 

Gear x station x survival interaction 

Gear x station x survival independence 

df = degrees of freedom 
G = test statistic 

** denotes p 2 0.001 

df 

1 

1 

4 

G 

14.32** 

14.12** 

0.00 

1.26 

29.70** 

G 

2.68 

22.46** 

3.40 

111.86** 

140.40** 



TABLE N-2 RESULTS OF THREE-WAY CONTINGENCY ANALYSIS FOR 
INDEPENDENCE AMONG STATION 1 NORMALIZED SURVIVAL 
(24 hours), AND COLLECTION GEAR FOR ENTRAINMENT 
SURVIVAL STUDIES AT THE Bo\iLINE POINT PLANT, 1979 

Striped Bass Post Yolk-Sat; Larvae 

Source df 

Gear x station independence 

Station x survival independence 

Gear x survival independence 

Gear x station x survival interaction 

Gear x station x survival independence 4 

White Perch Post Yolk-Sae Larvae 

Source 

Gear x station independence 

Station x survival independence 

Gear x survival independence 

Gear x station x survival interaction 

Gear x station x survival independence 

df = degrees of freedom 
G = test statistic 
* denotes p ~ 0.05 

** denotes p ~ 0.001 

df 

4 

G 

8.60* 

11.52** 

0.68 

3.56 

24.36** 

G 

10.76* 

8.40* 

0.34 

0.86 

20.36** 



TABLE N-3 RESULTS OF THREE-WAY CONTINGENCY ANALYSIS FOR INDEPENDENCE AMONG 
STATION, SURVIVAL NORMALIZED TO THE PREVIOUS LATENT EFFECTS 
OBSERVATION, AND OBSERVATION TIME (24, 48, 72, and 96 Hours) FOR 
ENTRAINMENT SURVIVAL STUDIES AT THE BOWLINE POINT PLANT, 1979. 

Striped Bass - Plankton Flume 

Source 

Station x time independence 

Station x survival independence 

Time x survival independence 

Station x time x survival interaction 

Station x time x survival independence 

Striped Bass - Larval Table 

Source 

Station x time independence 

Station x survival independence 

Time x survival independence 

Station x time x survival interaction 

Station x time x survival independence 

df 

3 

3 

3 

10 

df 

3 

1 

3 

3 

10 

White Perch - Plankton Flume 

Source 

Station x time independence 

Station x survival independence 

Time x survival independence 

Station x time x survival interaction 

Station x time x survival independence 

df = degrees of freedom 
G = test statistic 
* denotes p ~ 0.05 

** denotes p ~ 0.001 

df 

3 

. 1 

3 

3 

10 

G 

1.14 

1.04 

4.78 

3.08 

8.g8 

G 

0.08 

0.00 

0.62 

4.16 

4.86 

G 

0.10 

0.06 

8.78* 

5.10 

14.04 



TABLE N-3 (CONT.) 

White Perch - Larval Table 

Source 

Station x time independence 

Station x survival independence 

Time x survival independence 

Station x time x survival interaction 

Station x time x survival independence 

df 

3 

3 

3 

10 

G 

0.26 

0.04 

16.36** 

3.74 

20.40* 



TABLE N-4 RESULTS OF THREE-WAY CONTINGENCY ANALYSIS FOR INDEPENDENCE 
AMONG COLLECTION GEAR, SURVIVAL, AND THE PRESENCE OR ABSENCE 
OF SUBLETHAL THERMAL STRESS DURING ENTRAINMENT AT THE BOWLINE 
POINT PLANT, 1979 

Striped Bass - Initial 

Source df 

Gear x stress independence 

Stress x survival independence 

Gear x survival independence 

Gear x stress x survival interaction 

Gear x stress x survival independence 4 

Striped Bass - Normalized 24-Hr. 

Source 

Gear x stress independence 

Stress x survival independence 

Gear x survival independence 

Gear x stress x survival interaction 

Gear x stress x survival independence 

df = degrees of freedom 
G = test statistic 
* denotes p ~ 0.05 

** denotes p ~ 0.001 

df 

1 

4 

G 

0.52 

2.72 

6.98 

G 

6.00* 

0.94 

1.34 

1.06 

9.50* 



TABLE N-4 (CONT.) 

White Perch - Initial 

Source 

Gear x stress independence 

Stress x survival independence 

Gear x survival independence 

Gear x stress x survival interaction 

Gear x stress x survival independence 

White Perch - Normalized 

Source 

Gear x stress independence 

Stress x survival independence 

Gear x survival independence 

Gear x stress x survival interaction 

Gear x stress x survival independence 

df 

1 

4 

~~4-Hr • 

df 

4 

G 

1.40 

0.30 

10.78* 

7.48* 

19.96** 

G 

7.56* 

0.00 

1.56 

0.24 

9.36 



TABLE N-5 RESULTS OF THREE-WAY CONTINGENCY ANALYSIS OF INDEPENDENCE 
AMONG DISCHARGE SITE (Standpipe vs. Diffuser), SURVIVAL, 
AND PRESENCE OR ABSENCE OF SUBLETHAL THERMAL STRESS DURING 
ENTRAINMENT AT THE BOWLINE POINT PLANT, 1979 

Striped Bass - Initial 

Source 

Stress x discharge site independence 

Stress x survival independence 

Discharge site x survival independence 

Discharge site x stress x survival interaction 

Discharge site x stress x survival independence 

Striped Bass - Normalized 24-Hr. 

Source 

Stress x discharge site independence 

Stress x survival independence 

Discharge site x survival independence 

Discharge site x stress x survival interaction 

Discharge site x stress x survival independence 

df = degrees of freedom 
G = test statistic 
* denotes p ~ 0.05 

df G 

0.16 

5.70* 

1 0.76 

1 2.72 

4 9.04 

df G 

1 2.02 

0.00 

3.78 

2.04 

4 7.87 



TABLE N-5 (CONT.) 

White Perch - Initial 

Source 

Stress x discharge site independence 

Stress x survival independence 

Discharge site x survival independence 

Discharge site x stress x survival interaction 

Discharge site x stress x survival independence 

White Perch - Normalized 24-Hr. 

Source 

Stress x discharge site independence 

Stress x survival independence 

Discharge site x survival independence 

Discharge site x stress x survival interaction 

Discharge site x stress x survival independence 

df 

1 

4 

df 

1 

1 

1 

4 

G 

1.34 

3.16 

1.84 

0.80 

7.14 

G 

0.20 

3.16 

0.50 

2.48 

6.34 



TABLE N-6 RESULTS OF THREE-WAY CONTINGENCY ANALYSIS FOR INDEPENDENCE 
AMONG GEAR, STATION, AND INITIAL SURVIVAL OF HATCHERY
REARED STRIPED BASS EGGS AND LARVAE USED IN DIRECT-RELEASE 
STUDIES AT THE BOWLINE POINT POWER PLANT, 1979 

Eggs 

Source 

Gear x station independence 

Station x survival independence 

Gear x survival independence 

Gear x station x survival interaction 

Gear x station x survival independence 

Yolk-Sac Larvae 

Source 

Gear x station independence 

Station x survival independence 

Gear x survival independence 

Gear x station x survival interaction 

Gear x station x survival independence 

df = degrees of freedom 
G = test statistic 
* denotes p ~ 0.05 

** denotes p ~ 0.001 

df G 

1 4.62* 

33.84** 

47.24** 

-4.62* 

4 81.08** 

df G 

19.94** 

1 10.18* 

0.26 

4 32.74** 



TABLE N-6 (CONT.) 

Post Yolk-Sac LarvaE! 

Source 

Gear x station independence 

Station x survival independence 

Gear x survival independence 

Gear x station x survival interaction 

Gear x station x survival independence 

df 

4 

G 

145.24** 

38.62** 

51.44** 

4.04* 

239.34** 



TABLE N-7 RESULTS OF THREE-WAY CONTINGENCY ANALYSIS FOR INDEPENDENCE 
AMONG GEAR, STATION, AND PERCENT HATCH FOR EGGS OR 24-HR 
SURVIVAL OF HATCHERY-REARED STRIPED BASS EGGS AND LARVAE 
USED IN DIRECT RELEASE STUDIES AT THE BOWLINE POINT PLANT, 
1979 

Eggs 

Source 

Gear x station independence 

Station x survival independence 

Gear x survival independence 

Gear x station x survival interaction 

Gear x station x survival independence 

Yolk-Sac Larvae 

Source 

Gear x station independence 

Station x survival independence 

Gear x survival independence 

Gear x station x survival interaction 

Gear x station x survival independence 

df = degrees of freedom 
G = test statistic 
* denotes p 2 0.05 

** denotes p ~ 0.001 

df G 

0.0 

0.82 

10.34** 

1 2.52 

4 13.68** 

df G 

1.24 

1 2.24 

1 1.08 

4 6.94 



TABLE N-7 (CONT.) 

Post Yolk-Sac Larvae 

Source 

Gear x station independence 

Station x survival independence 

Gear x survival independence 

Gear x station x survival interaction 

Gear x station x survival independence 

df 

4 

G 

143.78** 

3.80 

0.14 

0.08 

147.80** 



TABLE N-8 RESULTS OF THREE-WAY CONTINGENCY ANALYSIS FOR INDEPENDENCE 
AMONG STATION, INITIAL SURVIVAL, AND TOTAL LENGTH (mm) OF 
HATCHERY-REARED STRIPED BASS USED IN THE DIRECT RELEASE 
STUDIES AND COLLECTED IN THE PUMPED AND PUMPLESS SYSTEMS 
~T THE BOWLINE POINT PLANT, 1979 

Pumped Larval Tables 

Source 

Total length x station independence 

Station x survival independence 

Total length x survival independence 

Total length x station x survival interaction 

Total length x station x survival independence 

Pumpless Plankton Sampling Flume 

Source 

Total length x station independence 

Station x survival independence 

Total length x survival independence 

Total length x station x survival interaction 

Total length x station x survival independence 

df = degrees of freedom 
G = test statistic 
* denotes p ~ 0.05 

** denotes p ~ 0.001 

df 

3 

1 

3 

3 

10 

df 

3 

3 

3 

10 

G 

64.28** 

5.36* 

31.20** 

4.64 

105.48** 

G 

31.18** 

16.18** 

87.54** 

55.48** 

190.38** 



TABLE N-9 RESULTS OF THREE-WAY CONTINGENCY ANALYSIS FOR INDEPENDENCE 
AMONG STATION, LATENT (24-hour) SURVIVAL, AND TOTAL LENGTH 
(mm) OF HATCHERY-REARED STRIPED BASS USED IN THE DIRECT 
RELEASE STUDIES AND COLLECTED IN THE PUMPED AND PUMPLESS 
SYSTEMS AT THE BOWLINE POINT PLANT, 1979 

Pumped Larval Tables 

Source 

Total length x station independence 

Station x survival independence 

Total length x survival independence 

Total length x station x survival interaction 

Total length x station x survival independence 

Pumpless Plankton Sampling Flume 

Source 

Total length x station independence 

Station x survival independence 

Total length x survival independence 

Total length x station x survival interaction 

Total length x station x survival independence 

df = degrees of freedom 
G = test statistic 
* denotes p 2 0.05 

** denotes p ~ 0.001 

df 

3 

3 

3 

10 

df 

3 

3 

3 

10 

G 

32.22* 

5.78* 

35.64** 

16.80** 

90.44 

G 

9.92* 

0.54 

35.06** 

220.46** 

265.98** 



TABLEN-10 RESULTS OF THREE-WAY CONTINGENCY ANALYSIS FOR INDEPENDENCE 
AMONG STATION, INITIAL AND 24-HOUR SURVIVAL, AND ORIGIN OF 
HATCHERY-REARED AND WILD STRIPED BASS POST YOLK-SAC LARVAE 
COLLECTED AT THE BOWLINE POINT PLANT, 1979 

Initial 

Source 

Station x origin independence 

Station x survival independence 

Intake pump x intake pumpless independence 

Discharge pump x discharge pumpless independence 

Intake x discharge independence 

Survival x origin independence 

Station x origin x survival interaction 

Station x origin x survival independence 

(24-Hour) 

Source 

Station x origin independence 

Station x survival independence 

Survival x origin independence 

Station x origin x survival interaction 

Station x origin x survival independence 

df = degrees of freedom 
G = test statistic 
* denotes p < 0.05 

** denotes p ~ 0.001 

df 

3 

3 

1 

1 

1 

3 

10 

df 

3 

3 

1 

3 

10 

G 

57.12** 

107.62** 

45.72** 

1.54 

60.35** 

20.02** 

2.60 

187.36** 

G 

14.08* 

3.76 

27.16** 

16.02* 

61.02** 



APPENDIX 0 

ANNUAL LENGTH-FREQUENCY SUMMARIES FOR STRIPED BASS, WHITE PERCH, 
AND ATLANTIC TOMCOD COLLECTED DURING ENTRAINMENT STUDIES 

AT THE BOWLINE POINT PLANT, 1975-1979 
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Figure 0·1. Length frequency histograms for striped bass by life stage and for all life stages combined 
collected during entrainment survival studies at the Bowline Point plant, 1975-1979. 
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Figure 0-2. length frequency histograms for white perch by life stage and for all life stages combined 
collected during entrainment survival studies at the Bowline Point plant, 1975-1979_ 
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Figure 0-3. Length frequency histograms for Atlantic tomcod by life stage and for all life stages 
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TABLE 0-1 YEARLY SUMMARY BY LIFE STAGE AND LENGTH FOR STRIPED BASS COLLECTED AT THE BOWLINE POINT PLANT 
DURING ENTRAINMENT SURVIVAL STUDIES, 1915-1919 

Peak 
Length 

Sampling Life Mean Min. Max. Interval 
Year Season Sta~ Number Length Length Length Percent at (mm) Mode 

1915 03 JUN-25 AUG PYSL 246 1.50 4 13 43 1 
Combined 250 1.54 4 20 42 1 1 

1916 18 MAY-29 JUL YSL 11 5.82 4 1 54 6 
PYSL 312 9.01 4 23 33 6 
JUV 53 25.11 11 38 32 23 
Combined 316 11.24 4 38 29 6 6 

1911 23 MAY-15 JUL YSL 9 6.22 5 1 56 6 
PYSL 651 9.11 5 23 23 1 
JUV 95 19.95 14 32 34 20 
Combined 155 10.39 5 32 20 1 1-8 

1918 22 MAY-21 JUL YSL 133 6.08 4 9 46 6 
PYSL 918 9.00 5 11 11 8 
JUV 21 18.11 15 26 52 20 
Combined 1,072 8.83 4 ~,.. .r ..., 

C. 1" "::0 10 ( U-IV 

1919 23 MAY-21 JUN YSL 31 5.13 4 8 62 6 
PYSL 211 1.59 5 13 31 6 
Combined 254 1.32 4 13 35 6 6 

1915-1919 YSL 191 5.99 4 9 50 6 
PYSL 2,344 8.18 4 23 21 1 
JUV 112 20.95 8 38 30 20 
Combined 2,101 9.35 4 38 20 1 6-8 

Note: YSL = yolk-sac larvae; PYSL = post yolk-sac larvae; JUV = juvenile. 



TABLE 0-2 YEARLY SUMMARY BY LIFE STAGE AND LENGTH FOR WHITE PERCH COLLECTED AT THE BOWLINE POINT PLANT 
DURING ENTRAINMENT SURVIVAL STUDIES, 1975-1979 

Peak 
Length 

Sampling Life Mean Min. Max. Interval 
Year Season Stage Number Length Length Length Percent at (mm) Mode 

1975 03 JUN-25 AUG PYSL 288 8.88 3 20 12 11 
Combined 289 8.82 3 20 12 11 4-13 

1976 18 MAY-29 JUL PYSL 91 8.65 3 17 18 5 
JUV 14 24.36 14 38 28 32 
Combined 106 10.67 3 38 15 5 5, 10, 

14, 32 

1977 23 MAY-15 JUL PYSL 62 8.87 3 17 19 8 
JUV 7 20.00 14 26 42 20 
Combined 69 10.00 3 26 17 8 5, 8, 

14, 20 

1978 22 MAY-21 JUL YSL 31 3.39 3 4 61 3 
PYSL 483 5.79 3 14 30 4 
Combined 518 5.69 3 17 31 4 4 

1979 23 MAY-27 JUN YSL 48 3.38 3 4 62 3 
PYSL 376 4.84 3 12 48 4 
Combined 424 4.68 3 12 47 4 4 

1975-1979 YSL 81 3.33 3 4 62 3 
PYSL 1,300 6.54 3 15 27 4 
JUV 25 20.48 14 38 24 20 
Combined 1,406 6.63 3 38 28 4 4-5 

Note: YSL = yolk-sac larvae; PYSL = post yolk-sac larvae; JUV = juvenile. 



TABLE 0-3 YEARLY SUMMARY BY LIFE STAGE AND LENGTH FOR ATLANTIC TOM COD COLLECTED AT THE BOWLINE POINT 
PLANT DURING ENTRAINMENT SURVIVAL STUDIES, 1975-1979 

Peak 
Length 

Sampling Life Mean Min. Max. Interval 
Year Season Stage Number Length Length Length Percent at (mm) Mode 

1976 No length information was collected 

1977 23 MAY-15 JUL YSL BOB 6.86 6 8 81 7 
PYSL 8 7.50 7 8 50 7 and 8 
Combined 818 8.11 6 53 81 7 7 

1978 22 MAY-21 JUL YSL 11 7.27 6 8 54 7 
PYSL 9B 7.64 7 9 52 B 
JUV 9 48.66 29 65 22 56 and 29 
Combined 118 10.28 6 65 47 8 7-8 

Years YSL 819 6.87 6 8 80 7 
Combined PYSL 106 7.63 7 9 52 8 

JUV 12 50.50 29 65 17 29, 53, 56, 
and 65 

Combined 937 7.51 6 65 75 7 7 

Note: YSL = yolk-sac larvae; PYSL = post yolk-sac larvae; JUV = juvenile. 



APPENDIX P 

SUMMARY OF RESULTS FOR STATISTICAL ANALYSES PERFORMED TO 
EVALUATE ICHTHYOPLANKTON ENTRAINMENT SURVIVAL AT THE 

BOWLINE POINT PLANT, 1975-1979 



TABLE P-1 RESULTS OF THREE-WAY CONTINGENCY ANALYSIS FOR INDEPENDENCE 
AMONG YEAR, LENGTH, AND SURVIVAL OF WHITE PERCH COLLECTED 
AT THE BOWLINE POINT PLANT, 1975-1979 

Intake 

Source 

Length x survival independence 

Length x year independence 

Year x survival independence 

Length x year x survival interaction 

Length x year x survival independence 

Discharge 

Source 

Length x survival independence 

Length x year independence 

Year x survival independence 

Length x year x survival interaction 

Length x year x survival independence 

Note: df = degrees of freedom 
G = test statistic 

** denotes p < 0.001 

df G 

11 108.08 

44 227.65 

4 33.37 

44 31.54 

103 400.74 

df G 

10 195.04 

40 452.20 

4 117.83 

40 39.29 

94 804.36 

** 

** 

f* 

** 

f* 

*f 

ff 

f* 



TABLE P-2 RESULTS OF THREE-WAY CONTINGENCY ANALYSIS FOR INDEPENDENCE 
AMONG YEAR, LENGTH, AND SURVIVAL OF STRIPED BASS COLLECTED 
AT THE BOWLINE POINT PLANT 

Intake (1975-1977) 

Source 

Length x survival independence 

Length x year independence 

Year x survival independence 

Length x year x survival interaction 

Length x year x survival independence 

Discharge (1975-1978) 

Source 

Length x survival independence 

Length x year independence 

Year x survival independence 

Length x year x survival interaction 

Length x year x survival independence 

Note: df = degrees of freedom 
G = test statistic 

* denotes 0.01 > P > 0~005 
** denotes p < 0.001 

df 

9 

18 

2 

18 

47 

df 

13 

39 

3 

39 

94 

G 

15.35 

124.67 ** 

0.83 

15.66 

156.51 ** 

G 

70.40 ** 

319.53 ** 

40.47 ** 

65.28 * 
495.68 ** 



TABLE P-3 SUMMARY OF THREE-WAY CONTINGENCY ANALYSES FOR INDEPENDENCE 
AMONG OBSERVATION INTERVAL, STATION, AND SURVIVAL 
(normalized to previous observation interval) BETWEEN 24 
AND 96 HOURS FOR STRIPED BASS, WHITE PERCH, AND ATLANTIC 
TOMCOD COLLECTED AT THE BOWLINE POINT PLANT AND POOLED BY 
1-mm LENGTH INTERVAL 

Observation Observation Station Observation 
Length x x x x 

(mm) Survival Station Survival Station x Survival 

Strieed Bass 

4 N.S. N .S. N.S. N.S. 
5 N.S. N.S. p=0.05 N.S. 
6 N.S. N .S. N.S. N .S. 
7 P<0.001 N.S. N.S. N.S. 
8 P3:o .05 N.S. N.S. N.S. 
9 p~0.05 N.S. N.S. N.S. 

10 N.S. N.S. N.S. N.S. 
11 N.S. N.S. N.S. N.S. 
12 N.S. N.S. N.S. N.S. 
13 N.S. N.S. N.S. N.S. 
14 N.S. N.S. N.S. N.S. 
15 N.S. N.S. N.S. N.S. 
16 N.S. N.S. N.S. N.S. 

White Perch 

3 N.S. N.S. N.S. N.S. 
4 p~0.05 N.S. N.S. N.S. 
5 p~O .05 N.S. N.S. N .S. 
6 N.S. N.S. N.S. N.S. 
7 N.S. N.S. N.S. N.S. 
8 N.S. N.S. N.S. N.S. 
9 N.S. N.S. N.S. N.S. 

10 p~O .05 N.S. N.S. N.S. 
11 N.S. N.S. N.S. N.S. 
12 N.S. N.S. N.S. N.S. 
13 N.S. N .S. N.S. N.S. 
14 N.S. N.S. N .S. N.S. 
15 N.S. N.S. N .S. N.S. 

Atlantic Tomcod 

All lengths N .S. N .S. N .S. N.S. 

Note: N.S. denotes not significant; p>0.05. 



TABLE P-4 RESULTS OF THREE-WAY CONTINGENCY ANALYSIS FOR INDEPENDENCE 
AMONG LENGTH, STATION, AND SURVIVAL AT 24 HOURS (NORMALIZED) 
FOR WHITE PERCH AND STRIPED BASS AT THE BOWLINE POINT PLANT 

White Perch 

Source 

Length x station independence 

Length x survival independence 

Station x survival independence 

Length x station X survival interaction 

Length x station x survival independence 

Striped Bass 

Source 

Length x station independence 

Length x survival independence 

Station x survival independence 

Length x station x survival interaction 

Length x station x survival independence 

Note: df = degrees of freedom 
G = test statistic 

* denotes p 2 0.001 

df G 

12 33.17* 

12 35.67* 

10.28* 

12 15.51 

37 94.63* 

df G 

12 85.78* 

12 124.94* 

0.48 

12 8.92 

37 220.12* 



TABLE P-5 RESULTS OF THREE-WAY CONTINGENCY ANALYSIS FOR INDEPENDENCE 
AMONG PUMP MODE,LENGTH, AND SURVIVAL OF STRIPED BASS AND 
WHITE PERCH COLLECTED AT THE BOWLINE POINT PLANT INTAKE 

Striped Bass 

Source 

Length x pump mode independence 

Pump mode x survival independence 

Length x survival independence 

Pump mode x length x survival interaction 

Pump mode x length x survival independence 

White Perch 

Source 

Length x pump mode independence 

Pump mode x survival independence 

Length x survival independence 

3-4 mm x survival independence 

5-7 mm x survival independence 

8+ mm x survival independence 

Length group x survival independence 

Pump mode x length x survival interaction 

Pump mode x length x survival independence 

Note: df = degrees of freedom 
G = test statistic 

** denotes p < 0.001 

df G 

36 129.31** 

3 2.99 

12 17.17 

36 25.54 

87 175.01** 

df G 

12 48.95** 

1. 76 

12 87.09** 

7.58** 

2 0.61 

7 4.84 

2 89.01** 

12 10.16 

37 147.96** 



TABLE P-6 RESULTS OF THREE-WAY CONTINGENCY ANALYSIS FOR INDEPENDENCE 
AMONG PUMP MODE, LENGTH, AND SURVIVAL OF WHITE PERCH 
COLLECTED AT THE BOWLINE POINT PLANT DISCHARGE INITIALLY 
AND 24 HOURS FOLLOWING ENTRAINMENT, 1975-1979 

Marginal Partial 
df Association Association 

Initial 

Length x pump mode independence 

Pump mode x survival independence 

Length x survival independence 

3-4 mm x survival independence 

5-7 mm x survival independence 

8-11 mm x survival independence 

12+ mm x survival independence 

Length group x survival independence 

Pump mode x length x survival interaction 

Pump mode x length x survival independence 

1" ,-

1" ,-

1 

') .-
:3 

:3 

:3 

12 

3'7 

24-Hour (Non-normaliz1ed) 

Length x pump mode independence 12 

Pump mode x survival independence 

Length x survival independence 12 

3-7 mm x survival independence 4 

8+ mm x survival independence 7 

Length group x survival independence 

Pump mode x length x survival interaction 12 

Pump mode x length x survival independence 37 

Note: df = degrees of freedom 
* denotes 0.01 >p >0.001 

** denotes p < 0.001 

265.37** 173.35** 

101.03** 9.02* 

182.46** 90.45** 

0.64 

3.20 

1.36 

1.53 

184.59** 

10.72 

559.58** 

265.37** 213.28** 

53.21** 1.13 

132.63** 80.54** 

7.76 

7.69 

116.93** 

14.90 

466.11** 



TABLE P-7 RESULTS OF THREE-WAY CONTINGENCY ANALYSIS FOR INDEPENDENCE AMONG 
PUMP MODE, LENGTH, AND SURVIVAL OF STRIPED BASS COLLECTED AT THE 
BOWLINE POINT PLANT DISCHARGE INITIALLY AND 24 HOURS FOLLOWING 
ENTRAINMENT, 1975-1978 

Initial 

Length x pump mode independence 

Pump mode x survival independence 

2T vs.3F x survival independence 

2T+3F vs. 2F x survival independence 

Length x survival independence 

6-8 mm x survival independence 

9+ mm x survival independence 

Length group x survival independence 

Pump mode x length x survival interaction 

Pump mode x length x survival independence 

24 Hours (Non-normalized) 

Length x pump mode independence 

Pump mode x survival independence 

2F vs. 2T x survival independence 

2 Pump vs. 3 Pump x survival independence 

Note: df = degrees of freedom 
G = test statistic 

** denotes p<o.001 

df 

22 

2 

11 

2 

7 

2 

22 

57 

22 

2 

G 

70.68** 

11.55** 

0.52 

13.41 

55.61** 

4.92 

10.10 

45.73** 

19.45 

158.94** 

70.68** 

22.35** 

1. 81 

26.44** 



TABLE P-7 (CONT.) 

df 

24 Hours (Non-normalized) (Cant.) 

Length x survival independence 11 

5-6 mm x survival independence 

7-8 mm x survival independence 

9-13 mm x survival independence 

14+ mm x survival independence 

Length group x survival independence 

Pump mode x length x survival interaction 

Pump mode x length x survival independence 

4 

2 

3 

22 

57 

G 

120.15** 

0.12 

0.18 

4.20 

1.43 

119.01** 

21.52 

234.70** 



APPENDIX Q 

SURVIVAL OF STRIPED BASS, WHITE PERCH, AND 
ATLANTIC TOMCOD DURING 96-HOUR LATENT 

EFFECTS OBSERVATIONS AT THE BOWLINE 
POINT PLANT, 1975-1979 



TABLE Q-1 SURVIVAL BY LENGTH FOR STRIPED BASS DURING THE 96 HOURS FOLLOWING ENTRAINMENT 
AT THE BOWLINE POINT GENERATING STATION, 1975-1978 

Length Total No. No. Alive 
(mm) Station Collected Initial l Hr. 6 Hr. 12 Hr. 24 Hr. 48 Hr. 72 Hr. 96 Hr. 

4.0-4.9 D 4 1 1 1 1 1 0 0 0 
I 4 4 2 2 2 2 1 0 0 

5.0-5.9 D 63 29 23 21 20 16 11 7 4 
I 21 15 13 13 11 11 9 8 6 

6.0-6.9 D 215 111 86 73 66 61 53 44 34 
I 105 86 69 63 60 53 48 44 41 

7.0-7.9 D 276 161 135 120 111 104 99 95 78 
I 134 111 90 81 77 72 70 64 59 

8.0-8.9 D 175 108 90 80 75 69 68 64 56 
I 88 63 52 45 44 44 42 40 34 

9.0-9.9 D 101 73 66 61 57 55 53 47 42 
I 34 26 25 23 23 23 23 22 18 

10.0-10.9 D 119 76 65 63 61 58 54 51 46 
I 30 22 22 21 21 21 21 20 14 

11 .0-11 .9 D 64 43 39 38 37 37 34 32 29 
I 23 21 19 18 18 18 18 17 17 

12.0-12.9 D 61 44 40 39 36 36 36 35 34 
I 11 7 7 7 7 7 7 7 7 

13.0-13.9 D 53 43 38 37 36 36 36 35 34 
I 6 5 4 4 4 4 4 4 4 

14.0-14.9 D 41 30 28 28 28 28 28 27 24 
I 8 7 7 7 7 7 7 6 6 

15.0-15.9 D 34 26 25 25 25 25 24 23 22 
I 7 5 5 5 5 5 5 5 4 

16.0+ D 204 168 158 156 154 153 148 145 139 
I 33 32 32 32 32 32 32 32 30 

All lengths D 1 ,410 913 794 742 707 679 644 605 542 
I 504 404 347 321 311 299 287 269 240 



TABLE Q-2 SURVIVAL BY LENGTH FOR WHITE PERCH DURING THE 96 HOURS FOLLOWING ENTRAINMENT 
AT THE BOWLINE POINT GENERATING STATION, 1975-1979 

Length Total No. No. Alive 
(mm_) __ Station Collected Initial 1 Hr. 6 Hr. 12 Hr. 24 Hr. 48 Hr. 72 Hr. 96 Hr. 

3.0-3.9 D 69 6 5 5 2 2 0 0 
I 48 5 5 5 5 3 2 0 0 

4.0-4.9 D 219 27 20 12 9 5 5 3 1 
I 174 51 42 38 29 24 21 16 8 

5.0-5.9 D 130 32 22 15 12 9 9 7 4 
I 112 51 41 36 33 26 23 16 9 

6.0-6.9 D 70 20 10 8 7 7 6 5 5 
I 55 28 18 16 15 14 12 10 7 

7.0-7 .9 D 59 23 13 10 7 6 6 6 5 
I 36 15 12 9 7 7 6 5 4 

8.0-8.9 D 33 18 10 9 9 9 9 8 7 
I 51 38 31 24 24 23 23 22 22 

9.0-9.9 D 51 32 26 21 21 20 19 15 13 
I 39 32 25 21 16 15 15 14 13 

10.0-10.9 D 35 22 14 14 14 14 14 13 10 
I 35 24 21 18 18 17 17 15 12 

11.0-11.9 D 34 21 15 15 13 11 8 7 7 
I 28 20 19 18 17 16 15 14 13 

12.0-12.9 D 25 23 19 17 12 12 12 12 10 
I 12 7 6 6 6 6 5 5 4 

13.0-13.9 D 20 15 11 9 8 8 8 8 8 
I 9 8 8 7 7 7 7 7 7 

114.0-14.9 D 17 13 11 11 10 10 9 9 9 
I 8 7 6 6 6 6 6 6 6 

15.0+ D 23 16 13 8 8 8 8 8 8 
I 114 11 11 11 11 11 11 11 10 

All lengths D 785 268 18g 154 132 121 114 101 87 
I 621 297 245 215 194 175 163 141 115 



TABLE Q-3 SURVIVAL OF ALL LENGTH GROUPS OF ATLANTIC TOMCOD DURING THE 96 HOURS FOLLOWING 
ENTRAINMENT AT THE BOWLINE POINT GENERATING STATION, 1976-1977 

Total No. No. Alive 
Station Collected Initial 3 Hr. 6 Hr. 12 Hr. 24 Hr. 48 Hr. 72 Hr. 96 Hr. 

D 726 531 476 459 439 430 423 418 412 
I 776 610 525 494 467 460 452 449 437 



APPENDIX R 

SUMMARY OF TRANSIT DURATION DATA FOR 
HATCHERY-REARED STRIPED BASS COLLECTED 

AT THE BOWLINE POINT PLANT DISCHARGE 
STANDPIPE DURING DIRECT-RELEASE 

STUDIES, 1979 
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discharge standpipe (with manual nets) at the Bowline Point plant, May 1979. 
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1. INTRODUCTION 

1.1 ENTRAINMENT 

The objective of the 1981 entrainment abundance study was to determine the 
species composition, abundance, and density variations of selected 
ichthyoplankton entrained in the once-through cooling system of the Bowline 
Point Generating Station. Samples were collected using an automated abundance 
sampler located at an access point of the plant's cooling water discharge 
system. Sampling was performed twice per week from May through early September 
(primary spawning and nursery period for striped bass, white perch, bay 
anchovy, and clupeids), and was conducted continuously for 24 hours on each 
sampling day. 

In this report, species composition and temporal patterns in abundance for the 
key taxa during 1981 are described and related to patterns in temperature and 
conductivity. Also included is a discussion of the effects of the plant outage 
dictated by the December 1980 Settlement Agreement on the overall numbers of 
organisms killed by entrainment. Overall, this 1981 entrainment abundance 
study represents a continuation of entrainment studies which have been con
ducted at the Bowline Point Generating Station every year since 1975. 

1.2 IMPINGEMENT 

Fishes impinged on power plant intake screens are potentially an important 
source of mortality associated with plant operations (Christensen et al. 1981 
DeAngelis et al. 1977; Hanson et al. 1977; Jensen 1977, 1978; Van Winkle 1977; 
Van Winkle et al. 1978). King et al. (1978) showed that fish losses at several 
Hudson River plants could be mitigated by rotating and washing the traveling 
screens continuously and demonstrated that mortality increased as the time 
between screen rotation and washing increased. 

Most other published studies dealing with fish impingement have addressed only 
estimates of the number of fish impinged (Grimes 1975; Mathur et al. 1977). In 
view of the lack of published information on survival of impinged fish, we 
designed and conducted studies at the Bowline Point Generating Station to 
assess this important factor. This study covers a six-year period and provides 
estimates of survival that characterize the range of values to be expected for 
various families and species found in the lower Hudson River estuary. The most 
abundant taxa of fish impinged at the Bowline Point plant, the primary subject 
of this study, are in the families Percichthyidae (striped bass and white 
perch), Clupeidae (American shad, alewife, and blueback herring) and Gadidae 
(Atlantic tomcod). Data for other species, collected incidentally with the 
major taxa, are limited, but have been summarized by family. The effect of 
water conductivity and temperature on survival of impinged fish will also be 
addressed. 

Data presented in this paper are from collections that took place while the 
plant traveling screens were continuously rotated and washed, which is the 
operating mode demonstrated to maximize survival (King et ale 1978, EA 1979). 
Results from other operating modes are presented in King et al. (1978). More 
detailed review of data collected from 1975 to mid 1978 has been presented by 
EA (1979). 
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2. SITE DESCRIPTION 

2.1 THE RIVER 

The Bowline Point Generating Station is located on the west bank of the Hudson 
River estuary, approximately 37.5 miles upstream from the mouth of the river 
(Figure 2-1). This area of the Hudson River is commonly called Haverstraw Bay, 
and can be characterized as relatively shallow (average depth of 18 feet at 
mean low water) and wide (approximately 18,000 feet wide at the plant site). 

Flow rates in the Hudson River near the Bowline Point Generating Station are 
contro11ed predominantly by the tides. The tidal flow has an average rate of 
5,000 m /sec. Freshwater inflow into the Hudson River estuary provides a net 
downstream movement of water in the estuary; the freshwater discharge rate 
ranges from a monthly mean of about 175 m3/sec during the summer dry period to 
1,750 m3/sec during spring high runoff period. 

Condenser cooling If/ater is withdravm from a small embayment of the estuary 
known as Bowline Pond and returned directly to the Hudson River through an 
o~fshore jet diffuser (Figure 2-2). Bowline Pond has a surface area of 490,000 
m with a maximum depth of 12-15 m. Pond water exchanges with river water 
through a small inlet, 60-m wide with a maximum depth of 3-4 m. 

Physicochemical variables, such as water temperature and conductivity, 
influence the temporal and spatial occurrence of ichthyoplankton, invertebrate 
zooplankton, and phytoplankton. The seasonal ambient river temperature profile 
in the vicinity of Bowline Point is typical of a temperate estuary. Daily 
water temperatures recorded at the Bowline Point plant intake reflect this 
pattern although they are occasionally influenced by recirculation of water 
from the discharge. Because of its physical connection with the estuary, the 
pond is also subject to salinity intrusion. Salinity of the Hudson River near 
the Bowline Point plant ranges from fresh water to approximately 8 ppt. Since 
the plant is located in the transitional portion of the estuary, conductivity 
is highly variable depending on freshwater flow and tidal mixing. Dissolved 
oxygen readings generally reflect the effect of seasonal ambient temperature 
variation on the solubility of oxygen in water. The pH is relatively stable 
and ranges from 6.0 to 8.4. 

2.2 THE POWER PLANT 

The Bowline Point plant consists of two completely enclosed 011- or gas-fired 
steam-electric units, each having a net generating capability rating of 600 MWe 
and a gross capability of 622 MWe (Table 2-1). Unit 1 began commercial 
operation in September 1972 and Unit 2 began commercial operation in May 1974. 

Each unit has a separate once-through cooling water system. The cooling water 
is pumped from an intake structure located on Bowline Pond (Figure 2-2). Each 
intake bay is approximately 5-m (16-ft) wide and equipped ~ith a bar trash 
rack, a 9.5-mm mesh vertical traveling screen, and a 700 m /min (185,000 gpm) 
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TABLE 2-1 PLANT DESIGN DATA FOR EACH UNIT OF THE 80WLINE POINT PLANT 

Generator Characteristics 

Maximum generating capacity 
Cooling water flow rate: 

Condenser (maximum) 
Servi ce 

620 MWe 

23.7 m3/sec (375,000 gpm) 
0.5 m3/sec (8,500 gpm) 

Intake Characteristics 

~1aximum approach velocity to screens 
Pipe diameter from intake to condenser 
Length of intake tunnel: 

Unit 1 
Unit 2 

Tunnel velocity (maximum) 

0.23 m/sec (0.77 fps) 
3.2 m (10.5 ft) 

400 m (1,310 ft) 
470 m (1,540 ft) 
3 m/sec (10 fps) 

Discharge Characteristics 

Total length of discharge tunnel: 
Unit 1 
Unit 2 

Pipe diameter from condenser to 
discharge ports 

Tunnel velocity (maximum) 
Length of diffuser 
Number of diffuser ports 
Initial jet velocity 

860 m (2,820 ft) 
875 m (2,870 ft) 

3.2 m (10.5 ft) 
3 m/sec (10 fps) 
67 m (220 ft) 
8 
4.6 m/sec (15 fps) 
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circulating water pump. The circulating water pumps for each unit can be 
operated individually or in combination. Circulating water flow and approach 
velocities at the bar racks vary with pumping mode: 

Number of 
Pumps Operating 

3 
2 

2 (throttled) 

Tota 1 Flow at r~ean 
Water Elevation 

m3/sec (gpm) 

24.2 (384,000) 
20.0 (316~000) 
16.2 (257~000) 

Intake Approach 
Velocity 

m/sec (fps) 

0.23 (0.77) 
0.18 (0.59) 
0.15 (0.49) 

The units normally ~pesate in one of three modes of pump operation: two pumps 
throttled (140

4
x 10 m /day), two pumps full (172 x 104 m3/day)~ or three pumps 

full (209 x 10 m3/day). 

The circulating water is pumped through the condensers where the excess heat of 
the system is transf~rred to the cooling water. The maximum condenser cooling 
water flow is 24.2 m /sec (384,000 gpm). The circulating water is returned to 
the Hudson River about 400 m from the river shoreline where dispersion of the 
heated waters is effected by passage through submerged, multiport, high
velocity diffusers constructed perpendicular to the river flow. 

2.3 TRAVELING SCREENS AND FISH COLLECTION SYSTEM 

Fish and debris that pass through the bar racks and are impinged on the 
traveling screen are removed by a pressurized washwater system, rinsed into a 
sluiceway, and returned to Bowline Pond. The screens are typically rotated on 
an intermittent schedule with 4-hour hold between washes. Rotation and washing 
takes approximately 20 min. The traveling screens are equipped with 
low-pressure and high-pressure spray headers spaced 30 cm apart at the front 
near the upper end of the screen. As the traveling screens rotate, impinged 
fish and debri~ are first exposed to the low-pressure spray system operated at 
0.7-2.74 kg/em (10-39 psi). Debris or fish that remain on the traveling 
screens are sub2equently exposed to the high-pressure spray system operated at 
2.81-4.22 kg/cm (40-60 psi), to ensure maximum screen cleaning. The 
high-pressure system can also be operated independently. Prior to mid-1980 the 
washwater sluiceway sloped into the impingement collection pit where a baffle 
system retained large pieces of debris while organisms were returned to the 
pond through the screenwash discharge pipe (31 cm diameter) located along the 
northside of the intake structure. In mid 1980 the sluiceway was modified 
such that fish and debris flowed directly into the screenwash discharge pipe 
(51 cm diameter) which was extended to release fish approximately 43 m north of 
the intake structure and outside of the fish passage barrier net constructed 
around the intake. 
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The impingement collection pit was the primary collection area used for 
impingement survival studies until mid 1980. In order to retain impinged 
organisms, the collection pit was fitted with a 9.5-mm-bar-mesh steel basket. 
This basket provided support for the collection apparatus, which consisted of 
two knotless nylon bag nets (1.3-cm-bar mesh) suspended between two aluminum 
pol~s and a frame, which fit tightly into the steel mesh basket. Following the 
modification of the screenwash and discharge system collections were made from 
a raft mounted collection basket in Bowline Pond. 
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3. ENTRAINMENT ABUNDANCE 

3.1 METHODS 

3.1.1 Sample Collection Procedures 

3.1.1.1 Sampling Procedures 

Ichthyoplankton samples were collected at the Bowline Point Generating Station 
from May through early September 1981 (Table 3-1). Sampling was scheduled to 
occur twice per week, however, periodic gear malfunctions resulted in some 
variation from the schedule. Each sampling event consisted of a 24-hour con
tinuous collection effort. 

Samples were collected from the plant cooling water discharge pipe (Figure 2-2) 
using an automated abundance sampler (AUTOSAM; Figures 3-1 and 3-2). The basic 
components of the sampler include a 3-in. electric pump, a cylindrical collec
tion tank (1 m in diameter and 1.2 m in height) containing a cylindrical 500-~m 
mesh plankton net, and a microcomputer control module. All components are 
housed in an enclosed trailer. 

Operational sequences of the AUTOSAM are controlled by the microcomputer 
module. During sampling, water is pumped into the net in the collection tank 
where primary concentration of the sampled organisms and detritus occurs. 
Filtered water passes out of the collection tank through a discharge drain 
pipe. Flow rate and volume are measured by an inline flowmeter mounted to the 
pipe that transports water from the AUTOSAM sampling pump to the collection 
tank. At the end of the programmed sampling interval, the following automated 
operations occur: (1) the pump shuts off and the collection tank drains; (2) 
the collection net is rinsed, concentrating the sample into the bottom of the 
collection net; (3) the sample is washed into the secondary concentrator and 
then into a collection container using chilled water (4.4 C) to reduce organism 
decomposition; and (4) formalin is automatically injected into the collection 
container to achieve a 10 percent formalin to water solution. After each 
sample is collected, the turntable holding the collection containers rotates, 
and the sampling sequence automatically begins again. 

Each sample can be comprised of many cycles; a cycle being defined as a 
sequence of pumping, net washdown, and transfer of sample contents to collec
tion container. For the 1981 Entrainment Abundance Program at the Bowline 
Point Generating Station, each sample was a 24-hour composite, consisting of 24 
one-hour cycles (specifically, each cycle consists of 57 minutes of sample 
collection and three minutes of net wash and sample transfer). Because of the 
relatively long sampling period (24 hours) for each sample, the normal opera
tional sequence was modified to inject formalin into the collection container 
after each one-hour cycle to avoid potential cannibalization and decomposition. 
In addition, the collection of a 24-hour sample in one-hour cycles resulted in 
less damage to ichthyoplankton by reducing the times these organisms would be 
in the primary collection net. 

All preserved samples collected via AUTOSAM were retrieved and transferred into 
sample jars with inside and outside inventory labels. All collection 
information (collection time, volume filtered, number of cycles, etc.) was 
obtained from the AUTOSAM memory and transferred onto data sheets. 
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TABLE 3-1 SA~PLING OATES, UNITS OPERATING, AND UNITS SAMPLED 
DURING THE 1981 ENTRAINMENT ABUNDANCE STUDY AT THE 
BOWLINE POINT GENERATING STATION 

Sampling Unit 
Date Units 0Eerating Sampled 

12 MAY 1 1 
14 MAY 1 1 
17 t~AY 1 1 
21 MAY 1 1 
24 MAY 1 1 
28 MAY 1 and 2 1 
31 MAY 1 and 2 1 

4 JUN 1 1 
7 JUN 1 1 

26 JUN 2 2 
27 JUN 2 2 
29 JUN 2 2 
30 JUN 2 2 

7 JUL 1 1 
9 JUL 1 and 2 1 

11 JUL 1 and 2 1 
12 JUL 1 and 2 1 
14 JUL 1 and 2 1 
15 JUL 1 and 2 1 
16 JUL 1 and 2 1 
24 JUL 1 and 2 2 
30 JUL 1 and 2 2 

1 AUG 2 2 
2 AUG 2 2 

14 AUg 1 and 2 2 
15 AUG 1 and 2 2 
24 AUG 1 1 
25 AUG 1 1 
27 AUG 1 1 

2 SEP 1 1 
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Figure 3-1. Interior of the portable automated abundance sampling system 
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3.1.1.2 Water Quality Measurements 

Measurements of selected water quality parameters were conducted in conjunction 
with all sample collections. Temperature and conductivity were measured using 
a Martek water quality analyzer and strip chart recorder. Water quality 
measurement values were transferred onto sample data sheets during sample 
retrieval. 

3.1.2 Laboratory Procedures 

All preserved samples and data sheets were transported to EA1s Central 
Laboratory in Middletown, New York. At the laboratory, ichthyoplankton were 
sorted from the preserved samples, identified to species and life stage, and 
counted. In addition, the total length of up to 25 larvae per taxon were 
recorded to the nearest 0.1 mm. All laboratory processing information was 
recorded on data sheets and transmitted to the EA Data Center for data entry 
and analysis. 

3.1.3 Analytical Procedures 

Entrainment abundance ~I/as examined for selected species or taxa groups. The 
abundances of these organisms are presented as either total numbers collected 
per sample or as a density determined as the ratio of the number of organisms 
in each sample to the volume of water sampled (number per 1,000 m3). 

Percentage composition for each taxon presented was detennined as shown below: 

P t 't' Number for a given taxon 100 
ercen age composl lon = Total number collected x 

Estimates of the number of each life stage cropped by entrainment under the 
various plant operating schedules were calculated from the weekly densities and 
daily plant flow and predicted entrainment survival as follows: 

where 

E = a. f (v .. s ,.) 
c, =, lJ elJ 

1 . 1 J= 

Eci = estimated number cropped by entrainment during week i 
a; = average density in entrainment abundance samples during week i 

Vij = daily unit flow for day j of week i 
Seij = predicted entrainment survival for day j of week i. 

Actual unit flow was obtained from the plant operating log (Table C-1). Unit 
flows for the projected case of no outage was assumed to be equivalent to the 
higher actual flow from either operating unit. These projected flows 
consequently include some unscheduled outage and are thus often less than 
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permitted flows. By setting the projected flows in this manner, it was felt 
that the most accurate indication of the true mitigation due to plant outage 

, coul d be obtai ned. 

The average weekly densities for each life stage of the four key species 
(Tables C-2 through C-5) were calculated by averaging the densities for all 
sampling days during each week. For those weeks in which no sampling occurred, 
the average weekly density was estimated by the geometric mean density of the 
two adjacent weeks. These average weekly densities were assumed to be the same 
for both units and under both actual and projected plant operating conditions. 

For the two delicate groups, clupeids and bay anchovy, entrainment mortality 
was assumed to be 100 percent for all cases. Entrainment survival of striped 
bass and white perch was predicted using estimates of mechanical mortality and 
thermal mortality equations. Mechanical mortality estimates (Table C-6) were 
developed from actual field samples collected when discharge temperatures were 
less than those expected to induce thermal mortality. Thermal mortality rates 
for yolk-sac, post yolk-sac, and juvenile striped bass and white perch were 
predicted from thermal equations (Table C-7) taking into account ambient and 
discharge temperatures, transit time, and larval length. Ambient temperatures 
were assumed to be the same for both actual and projected cases whereas 
discharge temperatures for the projected case were set equal to the higher 
discharge temperature for either unit. Transit times for both the actual and 
projected cases were estimated from the corresponding unit flow rate for each 
operating condition. Finally larval length (Table C-8) was estimated by the 
median weekly length from the abundance samples. Lengths were assumed to be 
the same for both actual and projected cases, and estimates for weeks with no 
sampling were derived using linear interpolation of two adjacent weeks' values. 

3.2 RESULTS AND DISCUSSION 

3.2.1 Species Composition 

Fifteen ichthyoplankton taxa, representing 12 families, were collected during 
entrainment abundance sampling at the Bowline Point Generating Station during 
1981 (Table 3-2). The majority of ichthyoplankton collected were post yolk-sac 
larvae, which constituted 96.9 percent of the total catch (14,873 organisms 
collected) (Table 3-3). An additional 1.2 percent were eggs, 1.1 percent were 
juveniles and 0.1 percent were yolk-sac larvae. 

The most abundant species collected during the 1981 abundance study was bay 
anchovy, representing over 88 percent of the total ichthyoplankton collected 
(Table 3-3). The other most abundant taxa (in order of decreasing abundance) 
~'Iere striped bass, white perch, and clupeids. These three taxa, along with bay 
anchovies, constituted over 96 percent of the total collection (Table 3-3). 
The taxonomic composition of ichthyoplankton collection in 1981 were similar to 
that observed during entrainment abundance studies conducted from 1975 through 
1980 (EA 1981a, 1981b). 

3.2.2 Seasonal Distribution And Abundance Of Key Species 

The seasonal distribution of all species collected during 1981 was principally 
determined by the seasonal distribution of four dominant fish (striped bass, 
white perch, clupeids, and bay anchovy). Eggs were most abundant during 
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TABLE 3-3 NUMBER AND PERCENT COMPOSITION Of ICHTHYOPLANKTON COLLECTED DURING 19B1 ENTRAINMENT ABUNDANCE STUDIES AT THE BOWLINE _____________ eoIuI_GEuER~IIU6_SI~IIOY ______________________________________________________________________________________________ 

Post Unidentified 
______ Esss ______ _ rolk:sac_Larvae _ rolk:sac_Larvae_ _ ___ Juveoile ____ ___ Life_S1ase ___ _____ Io1al ____ ~ _ 

NUlI\ber Number NUlI\ber NUlliber NUilber NUlllber ______ Ia~oD ______ Collected -_%- Collected -_%- Collected -_%- Collected -_%- Collected -_%- Collided __ Z_ 

Ba~ anchov~ 29 0.2 0 13,072 87.9 99 0.6 6 <0.1 13,206 88.S 

Stl'iped bass 0 4 <0.1 454 3.1 12 0.1 0 470 3.2 

White perch 146 1.0 0 254 1.7 11 0.1 0 411 2.8 

Unidentified <0.1 0 339 2.3 0 58 0.4 398 2.7 

Herrins 6 <0.1 0 90 0.6 19 0.1 0 115 O.S 

Horooe s?ecies 0 0 64 0.4 0 40 0.3 104 0.7 

Sunfish 0 1 <0.1 46 0.3 0 0 47 0.3 

HOlichoker 0 7 <0.1 36 0.2 0 0 43 0.3 

Silverside 0 2 <0.1 35 0.2 (0.1 0 3S 0.2 

Northern pipefish 0 0 4 <0.1 11 0.1 0 15 0.1 

Minnow and Carp 2 <0.1 0 6 <0.1 0 0 B <0.1 

Weakfish 0 0 3 <0.1 4 <0.1 0 7 <0.1 

Aifierican eel 0 0 0 4 (0.1 0 4 <0.1 

Perch 0 0 4 <0.1 0 0 4 <0.1 

Atlantic tal cod 0 0 2 <0.1 <0.1 0 3 <0.1 

TOTALS 184 1.2 14 0.1 14,409 96.9 162 1.1 104 0.7 14,873 100.0 



TABLE 3-2 ICHTHYOPLANKTON PRESENT IN ENTRAINMENT ABUN(DANCE SAMPLES AT 
THE BOWLINE POINT GENERATING STATION, 1981 a) 

S~ecies Collected 
Famil,l Scientific Name Common Name 

Anguillidae Anguilla rostrata American eel 

Clupeidae ,n.losa spp. Herri ng 
Alosa aestivalis Blueback herri ng 
Alosa sapldlss1ma American shad 

Engraulidae Anchoa mitchilli Bay anchovy 

Cyprinidae(b) Minnow and carp 

Gadidae Microgadus tomcod Atlantic tomcod 

Atherinidae Menidia spp. S11 verside 

Syngnathidae S,lngnathus fuscus Northern pipefish 

Percichthyidae Morone spp. Temperate bass 
Morone americana White perch 
Morone saxatilis Striped bass 

Centrarchidae(b) Sunfish 

Percidae Perca flavescens Yellow perch 
Etheostoma olmstedi Tesselated darter 

Sciaenidae C,lnoscion regalis Weakfish 

Soleidae Trinectes maculatus Hogchoker 

(a) Reflects sampling from 10 May through 5 September 1981. 
(b) No specimens were identified to a species level. 



mid-May whereas the few yolk-sac larvae collected were more uniformly distri
buted throughout the sampling period (Figure 3-3). Post yolk-sac larvae were 
most abundant during July and August whereas juveniles reached peak abundance 
during August and early September. 

Striped bass were first encountered as yolk-sac larvae during mid-May 
(Figure 3-4). No eggs were collected reflecting the location of Bowline south 
of the principal striped bass spawning area. Post YOlk-sac larvae, the most 
frequently collected striped bass life stage, were most abundant the first half 
of June although densities continued relatively high through the end of June. 
During this period, ambient temperatures ranged from 22 to 25 C while average 
discharge temperatures ranged from 28 to 34 C. Striped bass juveniles were 
encountered only during late June and early July. The disappearance of striped 
bass juveniles from entrainment samples coincided with the rapid increase in 
salinity resulting from the upriver saltfront intrusion during early July. 

The overall seasonal occurrence of white perch was similar to that of striped 
bass (Figure 3-5). White perch eggs were extremely abundant during the first 
sampling period in May, but decreased dramatically in abundance through 
mid-June. No yolk-sac larval white perch were collected suggesting that the 
normally adhesive eggs collected represented a dislodged or unfertilized 
portion not part of the successful spawn. Post yolk-sac larval white perch 
were most abundant during the second week in June; a pattern similar to that of 
striped bass. The seasonal abundance pattern for the juvenile stage was 
virtually identical to that of striped bass. 

Clupeid eggs were encountered only during the first sampling period in May 
whereas no yolk-sac larvae were collected at all (Figure 3-6). Peak abundance 
of clupeid post yolk-sac larvae was from mid- to late May with declining 
abundance extending through mid-June. Juveniles were collected during July and 
again in mid-August. Catches of juveniles were restricted to periods of 
increased salinity, after the summer saltfront intrusion. 

The eggs of bay anchovy, a summer-spawning marine species, were collected only 
during one week in mid-July 1981 (Figure 3-7). No bay anchovy yolk-sac larvae 
were collected during 1981 reflecting a combination of the extremely short life 
stage duration (12-18 hours), low abundance, and small size permitting 
potential extrusion through the normal 505 ~m mesh sampling gear. Post 
yolk-sac larval anchovies were extremely abundant in the entrainment samples 
from late June through the end of August with peak densities occurring from 
mid-July through early August. Juvenile anchovies were most abundant during 
early August and again in early September following the period of peak larval 
occurrence. 

Overall, the seasonal pattern of egg, larval, and early juvenile occurrence for 
the key fish species "in Bowline entrainment sampling was similar to that 
reported for previous years, 1975-1980 (EA 1981, 1981b). While the overall 
pattern of occurrence remains similar across years, the actual number of 

3-8 



......... 
u 

0) 
s... 
~ 
+J 
ra 
s... 

.0) 
0. 

~ 
J-

'""' OM 

E 

0 rro 
c 

" 
r-

'-. 
0 
z 

>, 
+J .,... 
Vl 
s:: 
0) 

'"0 

s:: 
ra 
0) 
::: 

• Intake Temperature ......... 

9 
+J 

30 • Salinity l:i. 
0. -

20 6 >, 
+J 

3 'r-
10 s:: .,... 

r-

0 0 
ra 

<.n 

60 

40 Eggs 

20 
X 

4 

2 Yolk-sac larvae 

lZ00 

1 ('00 Larvae 
800 

EOO 

400 

200 
X X 

40 

30 

20 

Juvenil es 

10 

X X 

. MAY JUN JUL AUG SEP 

Figure 3~3 ~1ean densities (No./1 ,000 m3) of ichthyoplankton early 
developmental stages collected during the entrainment 
abundance study, Bowline Point Generating Station, 1981. 

X rJo samp 1 i ng . 



.--. 
M 

E 

0 
0 
0 ... 
..-
........ . 
0 
z: 

>., 
+.l ...... 
(/) 

!O:: 
<lJ 
~ 

!O:: 
ce 
OJ ::c 

u 
- 30 

<lJ 
s.. 
3 20 
~ 

s.. 10 
<lJ 
§-
c:; 0 
I-

5 

30 

25 

20 

15 

10 

5 

• Intake Temperature 
... Salinity 

No eggs collected 

X 

1 r=J r X 

X 

..-

9 
.j..) 

i:i. 
c.. ...... 

6 >., 
.j..) 

3 
.... 
I: .... 

r--

0 
!1:5 

V) 

I 
x Eggs 

Yolk-sac larvae 
X 

Larvae 

X 

Juveniles 

Figure 3-4 Mean densities (No./l ,000 m3) of striped bass early 
developmental stages collected during the entrainment 
abundance study, Bowline Point Generating Station, 1981. 

X rIo sampl i ng. 



--U -
(lJ 
s... 
:::::! 
+.l 
co 
s... 

. (lJ 
0.. 
E 
(lJ 
I-

.....-
(Y') 

E 

0 
0 
0 

.-

......... . 
0 
z 

>, 
+.l ..... 
Vl 
s:: 
(lJ 

-0 

s:: 
co 
(lJ 

::E 

• Intake Temperature --+.l 
30 9 d.. • Salinity 0.. -
20 6 ~ 

3 
..... 

10 s:: ..... 
....-

0 
co 

0 <I') 

60 

50 
40 Eggs 

30 

20 
10 

X 

Yolk-sac larvae 
10 

1 No yolk-sac larvae collected 
X ~ 

116.8 
Q 

40 

30 Larvae 

20 

10 
x· X 

Juvenil es 

10 l~------~----~~~~~----------r-----~X----r---JU~ CJ.y-> JUL AUG I SEP MAY 

Figure 3-5. Mean densities (No./l ,000 m3) of white perch early developmental 
stages collected during the entrainment abundance study, 
Bowline Point Generating Station, 1981. 

X tlo samp1 i ng. 



..-... 
u 

aJ 
s... 
::: 
+.l 
ro 
s... 
aJ 
S-
~ 
I-

.......... 
(Y) 

E 
a 
a 
a .. 
~ 

"-. 
0 
z 

>. 
+.l 
or-

CJ1 
s:::: 
(lJ 

"'0 

C 
Itl 
(lJ 

:E: 

• Intake Temperature -
9 

+.l 
30 .1 Salinity d-

e. 
.......... 

6 20 >. 
+.l 

3 
'r-

lD c .,... ..... 
0 

Itl a Vl 

6 

b Eggs 
3 

v X A 

3 No yolk-sac larvae collected Yolk-sac larvae 
X X 

24 

21 
Larvae 

18 

15 

12 

9 

6 

3 
X 

3 l~ ________ r-____ ~x~ __ ~~r==r==l--, __ ~~ __ ~~ __ .r=1 ____ X ____ IJ_u __ veniles 

JUN JUL AUG I S~P MAY 

Figure 3-6. Mean densities (No./1 ,000 m3) of c1upeids early developmental 
stages collected during the entrainment abundance study, 
Bowline Point Generating Station, 1981. 

X No samp1 ing. 



....... 
u 

CJ 
So-
:;, 
~ 
r;:s 
S0-
CJ 
e.. 
a 
f-

M 
E 

0 
0 
0 

" ..-
......... . 
0 
:z: 

>, 
+-l .,... 
<./I 
c: 
Q.l 

o::r 
c: 
ttl 
Q.l 
::E: 

• Intake Temperature 
30 • Salinity 9 

20 6 

lO 3 

a 0 

l~ lL ______ ~----~X--_,--~r=J~~--_r----~X~_,--- Eggs 

1200 

1050 

900 

750 
600 

450 

300 

150 

30 

25 

20 

15 

10 

5 

Yolk-sac larvae 
No yolk-sac larvae collected 

X X 

Larvae 

Juvenil es 

x 
MA Y JlJL . AUG SEP 

-6. 
0----
IJ .,... 
c: .,... 
.--
ttl 

Vl 

Figure 3-7. Mean densities (No.!l ,000 m3) of bay anchovies early development 
stages collected during the entrainment abundance study, Bowline 
Point Generating Station, 1981 

XNo sampling. 



organisms entrained can fluctuate widely from one year to the next. This wide 
fluctuation results from differences in distribution and movements as well as 
growth and development rates for each population, all of which are influenced 
by numerous environmental factors particularly temperature and freshwater flow. 
As yet, the factors related to these changes in vulnerability are not well 
known enough to permit accurate prediction of the number of individuals cropped 
by entrainment in the cooling water flow at Bowline. 

3.2.3 Effects Of Plant Outage On Entrainment Impact 

The Settlement Agreement of December 1980 among the Hudson River Utilities, the 
EPA, the NYSDEC, and various other parties called for the scheduled outage of 
units at several Hudson River plants during periods of peak entrainment. 
Although the actual schedule can be quite complex due to cross-plant credits 
for excess outage, the basic plan calls for Bowline circulating water pumps to 
be out of operation for 30 days at either unit between 15 May and 30 June and 
for 31 days at either unit in the month of July in each year. The earlier 
outage is presumably to protect the younger stages of striped bass, white 
perch, and clupeids whereas the later outage would afford greatest protection 
to bay anchovy and the older stages of the three previously mentioned species. 

The purpose of this section is to evaluate the effects of the actual plant 
outage on entrainment impact during the period 10 May - 5 September 1981 on the 
four key species: striped bass, white perch, clupeids (predominantly alewife 
and blueback herring), and bay anchovy. This evaluation will involve a compar
ison of the estimated number of eggs, larvae, and early juveniles actually 
cropped during 1981 to the projected number cropped assuming a continuous 
(non-outage) operation schedule. This measure of entrainment impact should not 
be construed as a measure of the effects of entrainment on any population as a 
whole, however, it does serve as a useful starting point for the assessment of 
various mitigation procedures. 

Throughout the entire period of entrainment abundance sampling in 1981 (10 May 
- 5 September), Bowline pumping rates were approximately one-third less than 
the flow projected to have occurred under non-settlement operation. Most of 
this reduction occurred during the months of May and June although some reduc
tion also occurred during August {Figure 3-8}. During most of July, the plant 
operated at or near the projected values. 

For all life stages of striped bass and white perch, reductions in the 
estimated number of individuals cropped by entrainment approached or more 
commonly exceeded 40 percent (Table 3-4). The lowest reduction being 38 
percent for white perch post yolk-sac larvae and the highest being more than 50 
percent for striped bass juveniles. Reductions were similarly high for all 
life stages of clupeids except the juveniles. Bay anchovy experienced 
considerably lower reductions ranging from 0 percent for eggs to slightly more 
than 27 percent for post yolk-sac larvae. 

Differences in the estimated percent reductions among species and life stages 
are undoubtedly due to the interaction between the temporal occurrence of 
individuals in Bowline cooling waters and the temporal pattern in total fiow 
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TABLE 3-4 ESTIMATES OF THE NUMBER CROPPED BY ENTRAINMENT FOR FOUR KEY SPECIES 
AND TOTAL SYSTEM FLOW FOR THE ACTUAL AND PROJECTED MODES OF 
OPERATION AT BOWLINE, 1981 

Species 

Striped bass 

White perch 

Clupeids 

Bay anchovy 

Total Flow 

Life Stage 

Eggs 
Yolk-sac larvae 
Post yolk-sac larvae 
Early juveniles 

Eggs 
Yolk-sac larvae 
Post yolk-sac larvae 
Early juvenil es 

Eggs 
Yolk-sac larvae 
Post yolk-sac larvae 
Early juveniles 

Eggs 
Yolk-sac larvae 
Post yolk-sac larvae 
Early juvenil es 

Estimated Numbers 
Projected Actual 

Percent 
Reduction 

-------------none collected------------
5,077 2,791 45.0 

1,204,837 680,035 43.6 
37,535 18,228 51.4 

187,955 103,637 44.9 
-------------none collected------------

394,833 243,384 38.4 
53,511 29,192 45.4 

62,759 31,379 50.0 
-------------none collected------------

1,029,257 604,396 41.3 
127,806 119,517 6.5 

176,036 176,036 ° 
-------------none collected------------
173,355,453 125,845,942 27.4 

1,770,159 1,315,403 25.7 

32.7 



reduction. Striped bass, white perch, and the egg and larval stages of the 
clupeids exhibited relatively high reductions since they typically occur during 
May and June when flow reductions were highest. For clupeid juveniles and bay 
anchovy, reductions were much lower since they occur primarily during July and 
August when the plant operated at much closer to projected conditions. 

Clearly, the results of this analysis indicate that, at least for Bowline 
during 1981, the scheduled outage accomplished exactly what it was designed to 
do; that is, reduce the number of individuals of key fish species cropped by 
entrainment. However, while the number of individuals cropped by entrainment 
as presented in this report is an easily calculated and relatively precise 
measure of power plant impact compared to estimates based on river sampling, it 
should not be construed as an indication of the effects of power plant 
operation on the abundance or persistence of the entire stock for any fish 
species. Estimation of these effects is exceedingly difficult requiring 
information on the complex behavior and dynamics of the population under a wide 
variety of conditions. In lieu of this detail, the numbers cropped at least 
provides a quantifiable index of the effects of this mitigative measure. 
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CHAPTER 4: IMPINGEMENT SURVIVAL 

4.1 METHODS 

4.1.1 Impinged and Control Fish 

Impinged fish from 1975 to mid 1980 were sampled with a 1.27 cm knotless nylon 
mesh basket (193 x 97 x 61 cm) suspended between aluminum poles in a collection 
pit located inside the plant intake building. Fish and debris washed from the 
0.95 cm mesh traveling screens entered a sluiceway which carried the material 
to the collection pit. Water was returned to the river through a 31 cm pipe 
which discharged in close proximity to the intake structure. During 
collection, the basket was kept immersed in water to minimize stress on the 
collected fish. From 1975 through June 1978 collections were taken for periods 
of 15 to 30 minutes during continuous rotation and washing of the conventional 
traveling screens; after June 1978 collection duration was shortened to five 
minutes in order to reduce collection stress. 

In July 1980, the screenwash discharge pipe was replaced with a 51 cm pipe and 
the discharge location moved to a pOint 43 m from the intake structure. 
Extensive changes were also made to the screenwash sluiceway, which eliminated 
the collection pit, and necessitated the construction of a new sampling 
apparatus at the point of discharge. The apparatus consisted of a 3.9 m x 
6.7 m raft with a 111 x 107 x 150 cm deep sampling basket (1.27 cm mesh) 
located in the center. A 7.3 m long chute carried discharge water from the 
pipe into the sample basket. 

During the studies from 1975 to mid 1978, control fish, used to assess 
mortality fom collection and holding were collected from the Hudson River by 
beach seine or otter trawl at least five days prior to testing. Fish were 
immediately transfered to the holding facility and were fed daily rations of 
brine shrimp and a commercial trout feed. Striped bass and white perch control 
fish were exposed to the impingement collection basket and screenwash for time 
periods of 0, 1, 15, 20, and 30 minutes in order to assess the effect of 
collection duration on survival (EA 1979). 

From mid 1978 to 1981, control fish were added to the collection gear at 
one-minute intervals, throughout a five-minute collection period assuming that 
impinged fish enter the collection apparatus at a constant rate during 
collection. Equal numbers of fish were added at each of six intervals during 
testing. 

4.1.2 Holding Facility 

After collection, impinged and control fish were immediately sorted and 
classified as to survival condition. All live fish (able to maintain 
equilibrium and swim normally) and stunned fish (unable to maintain 
equilibrium) were enumerated, identified, and transferred to an ambient water 
flow-through facility. Dead fish were enumerated and identified. During 1975 
through mid 1980, fish were removed from the collection basket and placed in 60 
x 45 x 30 cm deep containers for transport to the holding facility. For 
studies from mid 1980 through 1981, six removable transport containers (36 x 56 
x 30 cm deep) were incorporated into the collection basket design which 
eliminated the above handling step. 
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After collection fish were placed in 189 ! holding tanks. Each tank held up to 
20 to 24 small fish (young of the year) or 5 to 15 larger fish (yearling and 
adult). 

Survival was observed for a period of 96-108 hours after collection. Fish were 
not fed during this extended survival observation period. 

4.1.3 Data Analysis 

Percentage survival was calculated as follows: (1) initial survival = [(number 
initially live + stunned) ~ (number initially live + stunned + dead)] x 100; 
and (2) extended survival = [(number live and stunned at 96-108 hours) ~ 
(number initially live + stunned + dead)] x 100. 

To distinguish mortality which resulted from the stress of impingement and 
mortality from collection and observation, it was necessary to use the survival 
of control fish to adjust survival of fish collected from the intake screens. 
Since field observations support the assumption that impinged fish enter the 
collection net at a constant rate throughout the 5 or 30 minute collection 
periods, the average exposure duration for the fish in the collection net was 
2.5 or 15 minutes. For white perch and striped bass collected from 1975 to 
1978, control fish were placed in the collection basket and exposed for 
discrete durations between 0 and 30 minutes. The average collection and 
observation effect was calculated by pooling fish for each exposure period and 
making a discrete estimate of initial and extended survival. An unweighted 
average of these individual estimates was used as the estimate of control 
survival. 

For control data collected from 1978 to 1981 in which equal numbers of fish 
were added at equal intervals throughout the control test, the survival data 
represent the average exposure case. 

Survival of fish for which control data were available was adjusted for 
mortality associated with collection, handling, and holding, assuming that the 
effect of these sources of stress were additive: 

Pe 
Si = ~ 

where: 

Si = proportion surviving impingement. 
Pe = proportion of impinged fish surviving. 
Pc = control proportion surviving. 

The standard error (S.E.) of Si was calculated in accordance with the following 
equation (Fleiss 1973): 

1 [Pe (l-Pe ) 
S.E. = ~ Ne 
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Although this equation depicts the binomial vaiance of the survival estimate, 
it does not account for variation in survival observed among individual 
samples. 

In the cases where control survival data was not available, extended survival 
was used as the best estimate of impingement survival. Standard errors for 
initial and extended survival were calculated using binomial procedures 
(Snedecor and Cochran 1967): 

(
p e (l-P e)) 1/2 

S.E. = ~--:-'N~'-;:;'" 
e 

Effects of conductivity and water temperature on white perch and striped bass 
survival were examined. Mean conductivity and mean water temperature were 
calculated for individual collections by averaging measurements made in the 
holding facility duringthe extended survival observation period. 

It was observed that the lOB-hour white perch survival was consistently below 
30 percent at water temperatures less than 3.5 C except when conductivity 
exceeded 2000 ~mho/cm. Graphical analysis of survival data indicated a 
probable relationship with water temperatures up to 4.5 C, therefore survival 
data were grouped into categories either greater than or less than 4.5 C. The 
relationship of survival at 108 hours to conductivity and temperature was 
examined using linear regression analysis. Conductivity and percent survival 
were transformed using log (conductivity + 1) and arcsine (square root 
percentage survival) to improve the linear fit and normalize the percentage 
survival data. Samples with less than ten fish were excluded from the data set 
to reduce variability introduced by small sample sizes. 

4.2 RESULTS 

4.2.1 Initial And Extended Survival Of Impinged Fish 

A total of 26 species representing 14 families were collected in sufficient 
numbers (n > 10) for discussion (Table 4-1, Table 4-2). Species which did not 
total at least 10 fish were combined within family for survival estimates. The 
largest number of fish were collected from the family Percichthy;dae, followed 
by the Osmeridae, Clupeidae, and Soleidae. 

4.2.1.1 Percichthyidae 

White perch and striped bass were pooled into temporal groups consistent with 
changes in the treatment of control fish and with the relocation of the 
screenwash discharge pipe (1975 to mid 1978, mid 1978 to mid 1980, and mid 1980 
through 1981). Initial survival for both species was high in all years, 
exceeding 90 percent in 12 of 15 cases (Table 4-1). Extended survival (96 to 
108 hours following collection) was always higher for young-of-the-year (YOY) 
(50 to 72 percent) fish than for the other life stages collected. Survival 
from mid 1978 through 1981 was higher than the 1975 to mid 1978 time period for 
eight of nine species/lifestage categories (Table 4-1). 
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4.2.1.2 Clupeidae 

Data were grouped based on the change in sampling technique that occurred in 
1980 (Table 4-1). Control tests were not conducted at various time intervals 
during 1975-1978 as was done for white perch and striped bass, therefore, a 
separate survival estimate for this time period was not calculated. Blueback 
herring young-of-the-year predominated in the collections. Initial survival of 
Clupeids was lov/er than that of the Percichtyidaes, and generally was between 
70 percent and 90 percent. Extended survival was very low (0 to 3 percent) for 
the 1975 to mid 1980 collection period. For the 1980 to 1981 time period there 
was in an increase in extended survival from approximately 1-3 percent to 9-11 
percent. All remaining family data sets are combined, without division, into 
time periods due to the low and variable numbers collected. the three most 
abundant families were grouped by life stage for discussion. The remalnlng 
taxa which were very low in abundance (less than 100 individuals) have been 
summarized by family without further analysis. 

4.2.1.3 Osmeridae 

The numbers of rainbow smelt collected varied widely over the years. Initial 
survival for all life stages exceeded 85 percent. While extended survival was 
low (2 to 17 percent), there was an increase in survival as the age of fish 
increased. 

4.2.1.4 Soleidae 

Both initial and extended survival of all hogchoker life stages exceeded 90 
percent (Table 4-2). 

4.2. L 5 Gadidae 

The initial survival of Atlantic tomcod was above 85 percent with 
young-of-the-year exhibiting the lowest survival (Table 4-2). 
Young-of-the-year extended survival was much lower (58 percent) than that of 
the other two life stages (88 percent). 

4.2.1.6 Other Families 

With the exception of the bay anchovy (65 percent) and bluefish (20 percent), 
initial survival of other families generally exceeded 85 percent. Percidae, 
Cyprinidae, and Gasterosteidae extended survival was high, exceeding 88 
percent. 

American eel, bay anchovy, bluefish, and drum extended survival was less than 
20 percent. Intermedi ate extended survi val was exhibited by northern pi pefi sh 
and sunfishes. 

4.2.2 Initial And Extended Control Survival 

Control fish were col1ected for the most abundant families (Percichthyidae, 
Clupeidae, Gadidae and Centrarchidae) to evaluate handling effects. Initial 
survival for all families exceeded 98 percent (Table 4-1, Table 4-2). Extended 
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TABLE 4-1 SURVIVAL OF PERCICHTHYIDAE AND CLUPEIDAE IMPINGED AT THE BOWLINE POINT PLANT 

Im~inged Fish Control Fish -M.i!!.s.!ed Survi va 1 
Number Number Number Number 

Time Ufe of of Init tal Extended of of Initial Extended Initial Extended 
Taxa Period Stag~ Samples .llill... (%±S.E.} (%±S.E. } Sam~les ~ (%±S.E:1 (~±S.E .J (%±S.E. ) (%±S.E.) 

Percichthy1dae 
1975-1978(a)yOY White perch 45 2,764 91±0.3 54±0.9 27 529 98 54 99 97 

Y 86 3,196 89±0.6 31±0.8 47 706 100 46 89 68 
A 78 499 89±1.4 33±2.1 49 624 100 76 89 43 

1978-1980 YOY 9 271 93±1.5 63±2.9 8 288 100±0 95±1.3 93±1.5 67±3.2 
Y 13 747 93±0.9 5l±1.8 15 501 100±0 95±1.0 93±0.9 54±2.0 
A 14 36 92±4.6 5018.3 14 83 10010 9911.2 92±4.6 54±8.5 

1980-1981 YOY 10 238 91±1.9 72t2.9 22 649 10010 95±0.8 91±1. 9 76±3.1 
Y 16 2,003 9210.6 53±1.1 39 1.385 10010 10010 93±0.6 56±1.2 
A 13 47 94±3.6 68±6.8 22 55 100±0 10010 9413.6 6816.8 

Stri ped bass 1975-1978(a)yOY 32 208 99±0.7 5413.5 31 100 11 99 
Y 64 843 91±1.0 25±1.5 73 100 41 91 58 
A 8 11 9It8.7 27±13.4 __ (b) __ (b) 

1978-1980 Y 6 14 9316.9 36112.8 ' 2 14 10010 43113.2 9316.9 83139.4 
1980-1981 YOY 5 10 80112.6 50±15.8 9 92 10010 9911.0 80±12.6 51±16.0 

Y 7 648 9111.1 4211. 9 13 349 9910.4 89±1.7 92±1.2 47±2.4 

Clupeidae 
Alewife 1975-1980 YOY 14 33 73±7.8 3±3.0 5 13 100±0 46±13.8 73±7( 6.5±6. I 

Y 7 20 85±8.0 0 -- bl __ ~b 
1980-1981 YOY 4 32 72±7.9 9±5.2 __ b __ b 

Blueback 1975-1980 YOY 23 158 71±3.1 a 11 289 98±0.7 61±2.9 73±3.7 a 
herring 1980-1981 YOY 10 244 77±2.7 11±2.0 7 379 9910.4 7912.1 77±2.7 14±2.6 

Combined 1975-1980 YOY 28 219 75±2.9 210.9 14 511 99±0.5 7012.0 7613.0 3±1.3 
Y 11 63 9413.1 211.6 4 43 100±0 95±3.2 9413.1 2±1.7 
A 10 65 89±3.8 1±1.5 

1980-1981 YOY 10 296 75t2.5 lltl.8 8 400 99±0.6 78±2.1 76±2.6 14±2.4 

raT As a result of the analytical methodology used to estimate control survival, no standard error 
could be calculated for control or adjusted survival. 

(b) No control tests were conducted; therefore, survival of impinged fish cannot be adjusted for 
handling effects. 



TABLE·4-2SURVIVAL OF OTHER FISH SPECIES IMPINGED AT THE BOWLINE POINT PLANT (1975-1981) 

lm~inged Fish Control Fish 
Number flum er Nuiliber Number Adjusted Survival 

Ufe of of Initial Extended of of Inlt ial Extended Initial Extended 
Taxa Stag~ Samples ~ {'JotS.E.} {'JotS.E·l SamRles ~ ('JotS.E. ) ('JotS.f:. ) (%tS.E.) (~t~~ 

Osmeridae 
Ra i nbow sme 1t YOY 6 42 90t4.5 2t2.4 

Y 20 695 95tO.8 11t1.2 
A 8 35 86t5.9 17t6.4 

Soleidae 
lIogchoker YOY 13 227 99tO.8 92t1.8 

Y 11 189 98t1.0 90t2.2 
Gadidae 

Atlantic tomcod YOY 8 63 86t4.4 59t6.2 2 11 100tO 100tO 86 59 
Y 2 118 100tO 100tO __ (a) __ (a) A 39 114 97t1.5 88t3.1 

Sciaenidae 
Weak fish, spot YOY,Y 13 95 88t3.3 18±3.9 

Engrau 11 dae 
Bay anchovy YOY,Y,A 13 62 64±6.1 5±l.7 

Centrarch Mae 
Pumpkinseed, Bluegill, 
Redbreast, largemouth bass YOY,Y,A 22 52 94t3.2 65t6.6 8 19 100tO 100tO 94 65 

Cypri nodontidae 
Banded killifish YOy,Y,A 15 13 100tO 100tO 
Munvni chog YOY,Y,A 10 24 96t4.1 92t5.6 

Gasterosteidae 
Three- and Foursplne Y,A 13 33 94t4.2 86t5.7 
stickleback 

Perc1dae 
Yellow perch, YOY,Y,A 12 23 100tO 9614.2 
Tessellated darter 

Anguill1dae 
American eel A 12 21 90±6.5 5±4.7 

Pomatomidae 
Bluefish YOY 5 20 70tl0.2 5±4.9 

Syngnathidae 
Northern pipefish YOY,Y,A 10 15 87±8.8 60±12.6 

--~ No control tests were conducted; therefore, survival of impinged fish cannot be adjusted for 
handling effects. 



survival of Centrarchidae and Gadidae was 100 percent (Table 4-2). 
Percichtyidae and Clupeidae control extended survival ranged from 11.1 to 100 
percent and from 46.1 to 95.4 percent, respectively. 

4.3.3 Effect Of Temperature And Conductivity On Extended Survival 

The relationship between extended survival, water temperature, and conductivity 
was examined for white perch and striped bass, to investigate apparent seasonal 
variation in survival. Linear regression analysis demonstrated a correlation 
between white perch survival at 108 hours and conductivity and water 
temperature during collection and holding. 

When water temperature was less than 4.5 C, water temperature accounted for 
32.0 percent of the variation in white perch survival (Table 4-3). 
Conductivity accounted for 67.9 percent of the variation when water 
temperatures were above 4.5 C. The two regressions were significant (0 = 
0.0001). Regressions of survival and temperature (>4.5 C) and conductivity 
(for T i4.5 C) were not significant. 

Conductivity and water temperature exert a similar influence on striped bass 
survival (Table 4-4). Although the data base was smaller, conductivity 
accounted for 59.5 percent of the variance above 4.5 C and water temperature 
accounted for 37.6 percent of the variance below 4.5 C. 

4.3 DISCUSSION 

4.3.1 Survival Of Impinged Fish Adjusted By Control Survival 

Initial survival for fishes impinged on continuously rotating screens exceeded 
85 percent in the majority of cases. However, based on extended survival it is 
apparent that different taxa exhibit varing degrees of sensitivity to the 
stress of impingement. For groups where control survival data was collected, 
adjustments were made for handling and holding effects (Table 4-1). When 
control survival data was not available, the extended survival observation was 
used as the best estimate of impinged fish survival. This method may 
underestimate the actual ability of the organism to survive impingement since 
they also include the effects of collection and handling. 

The families were grouped according to their ability to survive impingement 
(Figure 4-1). The data show that with continuously rotating conventional 
traveling screens, some families show high potential for surviving the 
impingement process. However, other families, such as the herrings and 
anchovies, show a low potential for surviving. For this power plant, where 
white perch and striped bass are major contributors to the impinged population, 
substantial portions of this population may be rturned unharmed by operating 
the screens continuously during peak periods of impingement. However, in 
situations where the more sensitive species make the greatest contribution to 
the impinged population, more advanced intake screening techniques may be 
required to mitigate losses. 
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TABLE 4-3 SUMMARY OF LINEAR REGRESSION ANALYSIS FOR RELATIONSHIP BETWEEN 
WHITE PERCH EXTENDED SURVIVAL, CONDUCTIVITY, AND TEMPERATURE (T) 

I. Arcsine 

Source 

Conductivity 
Error 

Total 

Intercept: 
Slope: 

II. Arcsine 

Source 

Temperature 
Error 

Total 

Intercept: 
Slope: 

1:: (108 hour survival)2 vs 

df SS 

1 3.62712003 
32 1. 71282241 

33 5.33994243 

-0.79746805 
0.23898581 

(108 hour survival)~ 

df SS 

1 2.65681779 
80 5.63832934 

81 8.29514712 

0.34460529 
0.13366957 

vs 

log (conductivity + 1) with T ~4.5 C. 

MS 

3.62712003 
0.05352570 

T <4.5 C. 

MS 

2.65681779 
0.07047912 

F Prob > F r2 

67.76 0.0001 0.68 

Standard Error of Estimate 

0.18848672 
0.02903169 

F Prob > F r2 

37.70 0.0001 0.32 

Standard Er'ror of Estimate 

0.05913335 
0.02177118 



TABLE 4-4 SUMMARY OF LINEAR REGRESSION ANALYSIS FOR RELATIONSHIP BETWEEN 
STRIPED BASS EXTENDED SURVIVAL, CONDUCTIVITY, AND TEMPERATURE (T) 

1. Arcsine (108 hour survival)~ vs log (conductivity + 1) with T ~4.5 C. 

Source 

Conductivity 
Error 

Total 

Intercept: 
Slope: 

df 

1 
5 

6 

SS 

0.47823665 
0.32577493 

0.24617539 
0.00020314 

MS 

0.47823665 
0.06515499 

II. Arcsine (108 hour survival)~ vs T <4.5 C. 

Source 

Temperature 
Error 

Total 

Intercept: 
S1ope: 

df 

1 
30 

31 

SS 

1.83103209 
3.03388219 

4.86491428 

0.15752713 
0.21046046 

MS 

1.83103209 
0.10112941 

F 

7.34 

Prob > F 

0.0423 0.59 

Standard Error of Estimate 

0.14938861 
0.00007498 

F 

18.11 

Prob > F 

0.0002 0.38 

Standard Error of Estimate 

0.12514070 
0.04946082 



4.3.2 Effect Of Temperature And Conductivity 

Seasonal impingement survival information is also important in evaluating the 
effectiveness of a given mode of screen operation at reducing impingement 
mortality. Increased mortality due to the addition of stress at low 
temperatures has been noted in other studies (Stanley and Colby 1971; Colby 
1973; Umminger and Gist 1973; and Otto et ale 1976). Such mortality may be 
attributed to osmoregulatory dysfunction (Stanley and Colby 1971; Colby 1973). 
Also, temporary freezing of fish out of water during screen rotation before 
they reach the spray wash may be a source of additional stress. 

An improvement in extended survival observed with increased conductivity is 
similar to the prophylactic effect of salt reported by Collins and Hulsey 
(1963), Miles et ale (1974) and Hattingh et al. (1975). Such enhanced survival 
in the holding facility may be related to the alleviation of osmoregulatory 
dysfunction or hyperglycemia (Wedemeyer 1972; Miles et al. 1974; and Hattingh 
and Van Pletzer 1974) associated with stress. 
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APPENDIX A 

DAILY DENSITIES OF 
SELECTED ICHTHYOPLANKTON TAXA 

COLLECTED DURING THE 
ENTRAINMENT ABUNDANCE STUDY 

BOHLINE POINT GENERATING STATION, 1981 



Number 

A-I 

A-2 

~-3 

A-4 

A-5 

LIST OF TABLES 

Title 

Daily density of total ichthyoplankton collected during the 
entrainment abundance study, Bowline Point Generating Station, 1981. 

Daily density of bay anchovies collected during the entrainment 
abundance study, Bowline Point Generating Station, 1981. 

Daily density of striped bass collected during the entrainment 
abundance study, Bowline Point Generating Station, 1981. 

Daily density of white perch collected during the entrainment 
abundance study, Bowline Point Generating Station, 1981. 

Daily density of clupeids collected during the entrainment abundance 
study, Bowline Point Generating Station, 1981. 



TABLE A-1 DAILY DENSITY OF TDTAL ICHTHYDPLANKTON COLLECTED DU~;ING THE ENTF:AINMENT ABUNDANCE STUDY ~ 
_______________ 3DULI~E_£CINI_GE~£Ralr~G_SlaIION~_1~81 ________________________________________________________ _ 

DAiE 

05/12/81 
;;l:.:l'lA101 
"";wl .loll Vol 

OS/17/81 
t~t:: /Ij1 lOi 
.... ·.,;1 .i....l./lj.lo 

05/24/81 
r1C:: ;-i';; IC}" 
..... wl ,i..U/ v. 

1)5/31/81 
06/04181 
06/07/81 
tlL i'ii. 101 
"'.'VI 4VI V.J. 

06127181 
!J6/29!81 
06/30/81 
07/07181 
07/09/81 
07/ii/S1 
07/12/81 
07/14/81 
07/15/31 
07/1..5./81 
07/24/31 
07/30/81 
08/01/81 
l'i.~ I"~ /Oi 
VUJ Vi-I U.lo 

08/14/81 
OB/1S/81 
08/24181 
08/25/81 
OS127/S1 
09/02/81 

AVERAGE TnT"'1 
JV1ML. 

TEMPERA TURE CONDUCT I V ITY ~)DL UME 
(IIEGREES C; 

i " ,; .I., ...... 

16t3 
";/\ ,; 
i-Vt"t 

20.6 
20.9 
22tO 
'1C: i. 
~-..J.\j 

,,:.c:: L 
,ut\J 

25.9 
"',0 ::. 
L.U.4 

.1')7 ., 
"") • I 

27.6 
'10 '1 
,,"uti. 

26.3 
20.3 
24.1 
26.8 
28.8 
'10 '1 
kl.J'", 

28.2 
28.1 
28.4 
25.5 
25.9 
26.1 

(MICRCMHOS) 

"1"'1i":i\ 
'.Jwvv • 

247. 
247. 

2500. 
3000. 
2600. 
2200. 
835. 
845. 
793. 
795. 

12200 .. 
11400. 
10600. 
11300. 
10700. 
11200. 

12700. 
13100 .. 
12700. 
12600. 
14800. 
15900. 
12900. 
13000. 
13400. 
13700. 

<ell M) 

OC:i' l' 
!-.Jv ..... • 

954.6 
953.7 

964.6 

943.2 
974.3 

01t, 'J VJ.v.u 

813.9 
815.5 

978.15 
979.B 
983.7 
991.2 
983.9 
997.7 

1004.3 
993.5 
791.2 
780.6 
784.9 
954.1 
990.8 
941.2 
846.0 
950.2 
911.9 

EGGS 

OtO 

44.0 
63.7 
24.9 
4.1 
0.0 

13.3 
. ., i 
..... .1. 

'I c: 
i..t .... ' 

0.0 

1 '1 
ol'" 
0.(1 
0, f'I 

'v 

0.0 
0.0 

8.0 
L fI \,'.v 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

DAILY At)E?AGE DENSITY (NG •. /l0(iO eli M) 

YOLK-SAC 
LARVAE 

I'i\ 
'';,'.' 

1 ;; 
J.>V 

0.0 

i1 i"\ v.v 
r, {\ v,v 

1.0 
1.0 
4.1 
0.0 
'1 f\ .:..v 

0.0 
0.0 
0.0 
0.0 
2.1 
0.0 
0.0 
0.0 
0.0 
0.0 

LARVAE JL!!JENILES 

'j 1 
~.J. 

4.2 
17 0 
~,/ t .... 

74tl 
113.0 

77 7 
... 'J 'w 

126t2 
178.6 
7~O ., 
.... lJl.Jt I 

495.8 
523.4 
663.4 
840.6 

tJ.(i 

480.7 
296.8 
632.6 

1176.9 
1380t2 
1191.9 
662.3 
944.1 

823.0 
1200.1 

491. 9 
4
~., ., 
'oJ1..'} 

664.1 
195.2 

0.0 
fl, (-, 
VtV 

0.0 
1 i 
..i. ... 

2.1 
0.0 
9.9 

17 c: 
.lwt"'" 

7 7 
.' ,0..) 

7 {\ 
,,HV 

c:: f\ 
~t"'" 

4.1 
6.0 
'1 r1 
I.'v 

6.0 
1.3 
9.0 
5.1 

22.0 
40.4 
12.7 
2.4 

urI! 

1.1 
0.0 

., t 
J ." 

17.6 
10 ., 
..L.' ItJ 

5.1 
12.4 
2.5 
0.0 
0.0 
6.1 

O {I 
'v 

1.0 
10.1 
Ot0 
0.0 

0.0 
C.O 
0.0 

0.0 
0.0 
0.0 
1.1 

NOTE: Dashes (--) indicate dat.o not available becalJse of seal' malfunction. 

Tj'T,r.: 
I ~J I rh. 

(EXCLUDING 
EGGS) 

83.5 
130.6 

.c::7 r~ 

..JJ "'1.' 

17'1 0: ... w::....1J 

185.8 
371.1 
c:r~o 1 
l,j"l.l'.,J" .1. 

536.9 
663.4 
854.0 

.n, /i 
v.~· 

"".1 0 ..; ... ·,J,tl 

648.7 

1386.2 
1204.8 

i!O '1 l.'vv • ...; 

945.4 
1131.2 

O~II:' 1 
V4G.!,.>Jo.l. 

1230t5 

504t7 
"'C"~ ,{ 

':;...iJ.l. 

668.3 
'111 ;, 
... ol.i..u 



-----------------------------~----------------------------------------------------------------

TABLE A-2 DAILY DENSITY OF BAY ANCHOVIES CDLLECTED DURING THE ENTRAINMENT ABUNDANCE STUDY; 
___________________ BCWLI~E_~DIUI_GE~EfraII~G_SlaIIOU11281 _____________________________________________________ _ 

DATE 

05/17/81 
05/21/81 
05124181 
r-.i:; f·-'oiJ i01 
';.Jwl .. WI \.I~ 

05131/81 
06/04/81 
06/07/81 
(iL j·jL i01 
VUI i.,UI ........ 

06/27/81 
06/29/81 
06/30/81 
()7/07!81 
(i7/09/Bl 
07/11/81 
Oi/12/81 
07/14/81 
07/15/31 
07/16/81 
07124/81 
07/30/81 
0$/01/81 
110 if,,, 10i 
VU/\/4J u. 

OB/14/81 
08/15/81 
iJS/24/81 
08/25/81 
08/27/81 
09/02/81 

AVERAGE A~)ERAGE TOTAL 
TEMPERATURE CONrlUCTIIJITY !jOLUME 
(DEGREES C) (MICROMHOS) (CD M} 

14.0 

i' ~ 
J"ut"",: 

20.4 
20.6 
20.9 
22.0 
ry~ L 
,,"wI'''' 

26.3 

25.9 
28.2 
-j; ! 
';;'1 t J 

'j., £. 
/..1 tV 

28.2 
26.3 
"L "1 
"LJ+,J 

26.8 
28.8 
lJO -1 
":"I..q..a:., 

28.4 
25.5 
25.9 
26.1 
'")7 ., 
'..JtJ 

3300. 

247. 
247. 

2500. 
3000. 
2600. 

845. 
793+ 
795. 

!2200. 
11400. ~ 
10600. 
11300. 
10700. 
11200. 

12700. 
13100. 
12700. 

14800. 
15900. 
12900. 
13000. 
13400. 
13700. 

950.3 
954.6 
OC:7 ., 
II.h,}t, 

957.7 

964.9 
943.2 
974.3 
967.4 
810.8 
813.9 
815.5 
323.2 
978.6 
979.3 
983.7 
991.2 
007 0 
!Vwtl 

00"") i 
I J I t I 

1004.3 
993.5 
791.2 
780.6 
784.9 
954.1 
990.8 
941.2 
846.0 
950.2 
911.9 

DAILY AVEF:AGE DENSITY (NO./I000 eLI ~) 

YOLK-SAC 
EGGS LARVAE LAR!,IAE JU'JENILES UII! 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

8.0 
6.0 
0.0 
0.0 
0.0 
0.0 
0.0 
11 r"t 
V'V 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 

0,0 
,:oj i'; 
..... +v 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

r, .. , v.'.., 
0.0 
0.0 
0.0 
1.1 
0.0 
0.0 

408.2 
474.3 
t:::'iQ 7 
IJI.I ., 

818.8 

475.6 
249,1 
624.5 

1086.5 
13il.2 
1163.t: 
662.3 
942.9 

1119.7 
B21.S 

1191.7 

488.7 
448.0 
656.7 
186.4 

i ... ,:"0, 
V.V 

i\ l\ 
\I t\/ 

0.0 
(i t~ v,'''' 
0,0 
(, i, 
v ..... • 

t't i\ 
v.\' 

0.0 
r'\ ;1 v .... ! 

0.0 
I, t. .v 
1),0 
...... II 
VtV 

5.0 
0.0 
9.0 
5.1 

21.0 
38.4 
7.4 
2.4 
1.1 

15.4 

0.0 
(t.0 
;1 ,,'\, 
VtV 

o.!) 
0.0 
0.0 
0.0 
;,),0 

0.0 
0.0 

!J.O 
0.0 
!) .il 
0.0 

0.0 
0.0 
L j 
~'IJ 

0.0 
0.0 
0.0 
0.0 

NOTE: Dashes (--) indicate data not available because of ::lear ilialfIJncti'JfI. 

TOTAL 
(EXCUJnING 

EGGS) 

i'i t\ v.v 
{} (1 
·~tV 

0.0 
0.0 
1.1 
O ;1 .v 
0.0 

408.2 
474.3 
529.7 
818.8 

n+o 
475.6 
249.1 
624.5 

1087.S 
1371.2 
ilt,3 t tJ 

i 1~O £. 
J. ...... w .. u 

82·£ ~ 'i 
1218;1 
664.1 
496.2 
450.4 
iC:; 0 
"-'ui tV 

2!jl tB 



TABLE A-3 DAIL,( [!ENSITY OF STRIPED BASS CDLLECTED DljF~ING THE ENTRAIN~ENT ABUNDANCE STUD'( ~ 
___________________ BOWLINE_201llI_GEll£RaII~G_SlaIICM~1281 _____________________________ . ________________________ _ 

DATE 

05/12/81 
05/14/81 
05/17/81 
OS/21/81 
05/24/Si 
OS/28/81 
05/31181 
06/04/81 
0.5/07/S1 
tJ6i26l81 
!)6/27/81 
''",i.. !~u 101 
VVI t-JJ V. 

C6/30/81 
{t,i !f)" 10 i v.', VII \" • .1. 

07/;,)9/31 
07/11181 
07/12/81 
07/14/81 
07/15/31 
07/1M81 
07124/81 
07/30/81 
08/01/81 
08/02/81 
08/14/81 
08/15/81 
08/24/81 
08125/81 
08/27/81 
09/02/81 

AVERAGE 
TEMPERATURE 
(DEGREES C) 

14.0 

17,5 
16.3 
20.4 
20.6 
-}I-\ Q 
/"v t, 

22.0 
'"'!C: 1. 
i .. ~·tl.J 

26.3 
-it: 1. 
.:.w.u 

25.9 
'10 " .;:.u .. /. 

lj., i. 
i-ltU 

")0 .; ... u.~ 

26.3 
'lL "1 
/.Ut"l<1 

24.1 
26.8 
28.8 
28 .. 2 
"0 'i kU." 

28.1 
28.4 
25.5 
25.9 
26.1 
'17 ..., 
J..~.J 

AVERAGE 
CONDUCT IIi ITY 
(l'i! CROMHOS} 

3300+ 

247. 
247. 

2500. 
3000. 
2600. 
2200. 

C'"11:: 
\.1"J~t 

345. 
.,07 
; J -J" 
795. 

12200. 
11400. 
10600. 
11300. 
10700. 
11200. 

12700. 
13100. 
12700. 
12600. 
14800. 
15900. 
12900. 
13000. 
13400. 
13700. 

TOTAL 
VOLUME 
(CU M) 

950.3 
954,6 
953.7 
957.7 
964.6 
%4.9 
943.2 
974.3 
%7.4 
1310.8 
813.9 
815+5 
0"17 '1 
\"'.t..tJ., 

0.,0 1.. 
i I V+\J 

979.8 
983.7 
991.2 
9B3.1 
997.7 

1004.3 
993.5 
791.2 
780.6 
784.9 
954.1 
990.8 
941.2 
846.0 
950.2 
911.9 

EGGS 

0.0 
;, it 
'ltv 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0,0 
(),() 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
!j.0 

0.0 
OtO 
0.0 
0.0 

YOLK-SAC 
lARVAE 

0.0 

1.0 
2.1 
0.0 
0.0 
1.1 
0.0 
0.0 

0.0 
O.!j 
0.0 
0+0 
0,0 

!).o 

0.0 
0.0 
0.0 
0.0 
0.0 
').0 
0.0 
0.0 
0.0 
" 1\ v.v 

0.0 
0.0 
0 .. 0 

LARVAE 

0.0 
/"", to, 
\/ ...... 

1.0 
1.0 

15.6 
OtO 

105.7 
207.8 
24.7 
30.7 

., c:: 
<-.OJ 

0.0 

0.0 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
(, .. 0 
0.0 
0.0 
0.0 
0.0 
0.0 

NOTE: Dashes (--) indicate data not available because of sear malfunction. 

JUVENILES 

0.0 
0.0 
0.0 
0.0 
().o 

0.(: 
0.0 

0.0 
3.6 
ft r .. 
· ... ·tv 

0.0 
0.0 

0.0 
0.0 
0,0 

0.0 

0.0 
0.0 
0.0 

UID 

i\ !, 
V.V 

r\ t-r 
\J tV 

(l.O 
(ItO 

0.0 

0t0 
0.0 
O~O 
1\ ti 
vt\J 

0.0 

r, ;; 
v t'" 

0.0 
O.(l 
fJtO 

0.0 

0.0 
0.0 

TOTAL 
(EXCLUD It~G 

EGGS) 

·1 ; 
"-tJ. 

3.1 

92.2 'f; 
1 i\t: i·~:' ' .. , 
J.,'!.'V t J . 

207.8 
77 7 
...J"J.w 

33.2 
.j c:: 
Lt\J 

{}.Cr 

fl " v.·" 
,~ r, v.v 

O i, .v 

0.0 
0.0 
0.0 

l', I'-i '11.'" 

'-



TABLE A-4 DAILY DENSITY OF WHITE F'EF:CH COLLECTED DURING T~E ENTRAINMENT ABUNDANCE STU[C( 1 
____________________ BOULINE_2DINI_GE~E8BII~G_SIBIICU~1281 ____________________________________________________ _ 

DATE 

05/12/81 

05/17/81 
(\C: '";1 /01 
... hU ... 1 u. 

OS/24/81 
OS/28/81 
05/31/81 
(1i. /1\.0\ IO'f 
'\IVI v-" U~ 
06/07/81 
06/26/81 
tll. i·-.·j lo.1 
·oJUJi-J.'\"\J. 

06l29i81 
06/30/81 
07/07/81 
07/09/81 
07/11l81 
07/12/B1 
07/14/81 
07/15/81 
07/16/81 
07/24/81 
07/30/81 
08/01/81 
08/02/81 
08/14/81 
08l1S/81 
08/24/81 
08125/81 
08/27181 
09/02/81 

AVEF~AGE AVERAGE TOTAL 
TEMPERATURE CONDUCTIVITY lJOLUME 
{BEGF:EES C) 

14.0 

20.4 

22tO 
'1C: L 
"".HU 

2t.t3 
25.6 

'll i 
i-J t I 

27.6 
')0 ,; 
... Uti-

26.3 
1jL 7 
"'VtU 

24.1 
26.8 
'10 ,::) 
":'VtV 

"'0 lj 
i-V.4 

'l0 'l 
"-u+ ... 

28.1 
28.4 

25.9 
26.1 
'17 1 
k.-..J t J 

(MICROMHOS) 

3300+ 

247+ 
247. 

3000. 
2600t 
2200. 
835. 
845. 
793. 
'70C: 
I J:.Jt 

12200. 
11400. 
10600. 
11300. 
10700. 
11200. 

12700. 
13100. 
12700. 
12600. 
14800. 
15900. 
12900. 
13000. 
13400. 
13700. 

(CU I'D 

950.3 
.J!:: i. L 
,\.I""t.V 

953.7 
OC:I 7 
IwJ .J 

964.6 
964+9 
943.2 
974.3 
967.4 
310.S 
813. 't 
815.5 
823.2 
978.6 
'::)/0 () 
II ':JIj 

983.7 
991.2 
983.9 
997.7 

1004.3 
993.5 
791.2 
780.6 
784.9 
954.1 
990.8 
941.2 
846.0 
950.2 
911.9 

EGGS 

0.0 
0.0 

43.0 
63.7 
24.9 

r, j .... 
0.0 

17 7 
J,\Jt"-" 

::. 1 
... J, 

,~ l:" 
k;.,j 

(} ;"'., 
VtV 

0.0 
i ,~, .l., ... 

0.0 
0.0 
0.0 
(1.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
(1.0 
0.0 
0.0 
0,0 
0.0 
0.0 

DAILY AVERAGE DENSIT~t (NO./1iJOO GU f',i) 

YOLK-SAC 
LARVAE 

r~ (; 
'.It ..... 

0.0 
0.0 
0.0 
0.0 
;1 {\ 
... it·,J 

0.0 
0.0 
0.0 

0.0 
0.0 
r; ti 
'JtV 

;\ (\ 
V!V 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0,0 

LARVAE JUVENILES 

,; I', 
... I.V 

f, ", 
" ", 
,::) ,i I., 

'iA r', 
4'+'1 

63.2 
'7 i 
..,.~ 

116.3 
7.4 
1\ ;\ 
v t'", 

3.7 

.r1 r1 v.v 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0,0 
0.0 
1;.0 
0.0 
0.0 

,\ r', 
""iV 

0.0 
0.0 

0.0 
{', 11 
\i .... 1 

1.2 
8.6 

"Z L 
loJ .... ' 

1\ 1\ v.v 

0.0 
0.0 
c\ /" 
Vt\.' 

O .. U 
0+0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

UTn ..... ' 

0.0 

0.0 

1\ l'· v.v 

0.0 
U.(J 

0.0 
1\ {" v.v 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
i\ , .... , 
v.v 

0.0 

NOTE: Dashes (--) indicate data not .. vailable because of sear malfunction. 

TDTAL 
(EXCLUDING 

EGGS) 

!; ri v.v 

9.4 
24.0 
L7 '1 
U\Jti... 

7 1 
".~ 

6.4 
27.7 

1 i! 0 
J.J.l.Jt!.l 

o 1. 
1..1) 1) 

., L 
wtU 

7 1 
!.It; 

7 7 
i +-.J 

0.0 

0.0 

.0.0 
0.0 
0.0 
Q.(i 

O ,; .v 



TABLE ti-5 DAILY [lENSITY OF CLUf'EIIIS COLLECTED DURING THE ENTRAINMENT :~BUNI!ANCE STUDY ~ 
---__________________ BOWLI~E_eOI~I_SE~EE~II~G_SIAlrO~l1281 ___________________________________________________ _ 

DATE 

()5/12!81 
05/14/81 
05i17/81 
~jS/21/S1 

OS/24/81 

05/31/81 

06/07/81 
0612.si81 
i'j6i27/81 
06/29/81 
06130/81 
07/07/81 
07/09/81 
07/11181 
07112/81 
07/14/81 
07115/81 
Of/1M81 
07124/81 
{Ii 17f1/01 
V.'I t.JVJ IJ. 

08101/81 

08/14/81 
08/15/31 
08/24/81 
08/25/81 
08127f81 
09/02/81 

A.VERAGE Al)ERAGE TOTAL 
IB1F'EF:ATURE CuNDUCTIVITY VOLUME 
(DEGREES G) (MICROMHOS) (CU M) 

14.0 

~:. '1 ... v+w 
·j(1 ,It 
J,.. ...... " 

20.6 
-iI', 'J 
4'vtl 

22.0 
'It:: L 
4w+\1 

26.3 
-it:: l ;: .. w.v 

25.9 

'~7 i 
... 1./ 

27.6 
':,0 '1 
.... u ..... 

'1£ , 
... utw 

'1L "t 
.. LJh,J 

24.1 
26.8 
')0 0 
':"UtU 

'10 '1 
.;.u.~ 

·10 -, 
"I..'t ... 

28.1 
28.4 
''It:: to: 
"l.JtIJ 

25.9 
26.1 
·'7 i ,oJ.! 

3300. 

247. 
2500. 
3000. 
2600 .. 
2200. 

V,C: 
"'t.J1.Jot 

845. 
793. 
.,QC: 
! loj+ 

12200. 
11400. 
10600. 
11300. 
10700. 
11200. 

12700. 
13100. 
12700. 
12600. 
14800. 
15900. 
12900. 
13000. 
13400. 
13700. 

950.3 
954.6 
953t7 
957.7 
964.6 
964.9 
943+2 
974.3 
967.4 
810.8 
813.9 
815.5 

978.6 
979.8 
'i83.7 
991.2 
983.9 
997.7 

1004.3 
993.5 
791.2 
780.6 
784.9 
954.1 
990.8 
941.2 
846.0 
950.2 
911.9 

YOLK-SAC 
EGGS LARVAE LARVAE jU')ENILES 

0.0 

r, fI 
v.v 

0.0 

0.0 
,., t·, 
v.v 

0.0 

0.0 
fi r"t 
v+'V 

(l.0 
ii i"'i v.v 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
(J.O 
0.0 

O ,; .v 

0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
11 ti 
V.V 

0.0 
0.0 
0.0 
0.0 
0.0 
0 .. 0 
0.0 
0.0 
0.0 
0.0 

0.0 
2.1 
4.2 

40.7 

10.3 
L .1-
u ..... 

i, r, 
Vt· ... • 

0.0 

O 
;, .V 

O (, .v 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

2.0 
2.0 
c: 1\ "'.v 

2.0 
1.0 
0.0 
0.0 
0.0 
1.0 
1.0 
0.0 
0.0 
0.0 
0.0 

NOTE: flashes (--) indicate data not available because of sear malfunction. 

i\ ., 
· ... t ... · 

,:"', {\ 
........ J 

0.0 

0.0 
0.0 
0+0 
0+0 
" r .. 'oJ .v 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
(1.0 
0.0 
0.0 
0.0 
0.0 
0.0 

TOTAL 
(EXCLUDING 

EGGS) 

0.0 

4 -j 
.o. 

40.7 
-17 0 
... LJ+IJ 

10.3 
L '1 
u.~ 

0.0 
O.() 

0.0 
1)+0 
;1 11 v.v 

2.0 
.J "", 
~ .. v 

5.0 
Ii r, 
"'tV 

5.0 
2.0 
1.(1 
0.0 
0.0 
0.0 
1.0 
1.0 
0.0 
0.0 
0.0 



APPENDIX B 

LENGTH-FREQUENCY DISTRIBUTIONS OF 
SELECTED ICHTHYOPLANKTON TAXA 

COLLECTED DURING THE 
ENTRAINMENT ABUNDANCE STUDY 

BOWLINE POINT GENERATING STATION, 1981 



Number 

B-1 

B-2 

B-3 

B-4 

LIST OF TABLES 

Title 

Length-frequency of bay anchovies collected during the entrainment 
abundance study, Bowline Point Generating Station, 1981. 

Length-frequency of striped bass collected during the entrainment 
abundance study, Bowline Point Generating Station, 1981. 

Length-frequency of white perch collected during the entrainment 
abundance study, Bowline Point Generating Station, 1981. 

Length-frequency of clupeids collected during the entrainment 
abundance study, Bowline Point Generating Station, 1981. 



TABLE fH LENGTH-FREOUENCY OF BAY ANCHOVIES COLLECTED [JURING THE ENTRAINMENT ABUNDANCE STUD'(, _____________________________ BOIJLH1LE:OHII_uEUER8IIUiLSlaIIOlh128L _______________________________ . _______________ -----_____ . ___________ 

LENGTH INTERVALS (lm) 
------------------~--------------------------- .. ------_ .. _-------------- RANGE 

0.0 3.0 6.0 9.0 12.0 15.0 18.0 21.0 24.0 29.0 --------------------
[lATE F' N X S[t 2.9 5.9 9.9 11.9 14.9 17.9 20.9 23.9 28.9 999.9 MIN MEn MAX 

---------
12 MAY 81 0 0 0.0 0.0 0 () 0 0 0 0 0 0 0 0 0.0 0.0 0.0 
17 HAY 81 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 
24 MAY 81 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 
31 MAY 81 1 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 
7 JUN 81 • 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 

26 'JUN 81 672 45 15.7 3.5 0 1 1 3 11 15 13 1 () () 4 ') ... 15.9 21.5 
29 JUN 81 1056 50 15.6 4.5 0 0 7 2 11 11 14 3 2 0 6.7 16.1 25.0 
7 JUL 81 661 50 19.7 5.2 0 1 ') 3 1 6 11 16 10 0 5.7 21.0 28.0 L 

12 JUL 81 4124 101 19.7 5.5 0 5 1 5 5 9 23 31 21 1 4.1 21.0 29.0 
24 JUL 81 634 29 20.0 7.3 0 0 5 1 1 1 ') 12 r: ') 6.5 22.4 3') r: 

L ..s L 4 • .,) 

30 JUL 81 1572 55 16.5 5.4 0 0 5 8 10 8 12 5 7 0 6.S 16.5 27.f:. 
2 AUG 81 623 26 14.8 7.0 0 0 4 8 5 1 3 3 1 1 7.2 12.2 37.9 

14 AUG 81 1779 36 19.5 7.8 0 1 0 9 4 1 4 3 10 4 c '1 
.J • .:. 20.0 33.7 

24 AUG iH 1392 81 15.5 5.2 0 0 1 ')7 17 11 9 10 5 1 6.2 14.0 30.2 .. , 
2 SEP 81 146 38 20.6 8.3 0 0 1 5 6 4 6 3 4 9 8.2 19.8 38.5 

SUMMARY 
TOTALS 12660 511 17.8 6.2 0 8 27 71 71 67 97 87 Lc u.., 18 4.1 38.5 

------------
NOTE: P=NUliBER OF UNliEASUREIr ORGANISliS; N=NUHBER OF LENGTHS; HIN=SHORTEST LENGTH; X=MEAN LENGTH; MED=liEItIAN LENGTHi 

SIr=STtlNDARD DEVIATION; MAX=GREATEST LENGTH; NA=rtATA NOT AIJAILARLE. 



TABLE B-2 LENGTH-FREQUENCY OF STRIPED BASS COLLECTED DURING THE ENTRAINMENT ABUNDANCE STUDY, ____ ~--_-_---_----------------BDWLIUE-~OINI-BEN£RBIINB_SIaIION112Bl ________________________________________________________________ 

LENGTH INTERVALS (11M) 
-------------------------------------------------------- .. ------------ RANGE 

0.0 3.0 6.0 9.0 12.0 15.0 IB.O 21.0 24.0 29.0 -------------------
nATE P N X sn 2.9 5.9 8.9 11.9 14.9 17.9 20.9 23.9 28.9 999,9 MIN MEft MAX 

--_ ... _----

12 MAY 81 0 0 0.0 0.0 0 0 ·0 0 0 0 0 0 0 0 0.0 0.0 0.0 
17 MAY 81 0 5 6.3 0.5 0 1 4 0 0 0 0 0 0 0 co co 6.4 6.8 .... J 

24 MAY 81 1 14 6.9 1.1 0 '1 12 0 0 0 0 0 0 0 5.4 l .., 8.4 .. u.1 

31 MAY 81 139 51 7.9 1.5 0 3 35 13 0 0 0 0 0 0 5.5 7.8 10.S 
7 JIJN 81 176 25 B.9 2.0 0 2 9 12 2 0 0 0 0 0 5.6 9.2 12.8 

26 JUN 81 3 51 13.3 3.2 0 1 1 12 29 6 0 1 0 1 5.4 12.9 29.4 
29 JUN 81 0 5 15.4 2.1 0 0 0 0 '1 "l 1 0 0 0 13.5 15.0 19.0 .. " 7 JUL 81 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 
12 JUL 81 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 
24 JUL 81 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 
30 JUL B1 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 
2 AUG 81 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 

14 AUG 81 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 
24 AUG 81 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 
2 SEP 81 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 

SUMMARY 
TOTALS 319 151 10.0 3.6 0 9 61 37 33 S 0 5.4 29.4 

------------NOTE: P=NUMBER OF UNMEASUREfI ORGAtHSMSj N=NUMBER OF LENGTHS; MIN=SHORTEST LENGTHi X:::I1EAN LENGTH; MEII=MEIIIAN LENGTH 
SIt=STAllDARII [lEVIATION; I1AX=GREATEST LEnGTH; NA=MTA nOT AVAILABLE. 



TABLE B-3 LENGTH-FREUUENCY OF WHITE PERCH COLLECTED [lURING THE EnTRAINMENT ABUNDANCE STUDY, ______________________________ BOIJLINLeOWI_GENERaIHliLSIaIlOU~12BL ___________________________ . ________ . _____________________________ .. 

LENGTH INTERVALS (MM) 
---------------------------------------------------------------------.~ RANGE 

0.0_ 3.0 6.0 9.0 12.0 15.0 18.0 21.0 24.0 29.0 -------------------
nATE f' N X sn 2.9 5.9 8.9 11.9 14.9 17.9 20.9 21.9 28. Ii )'99.9 MIN MEn MAX 

---------

12 MAY 81 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 
17 MAY 81 0 32 4.4 0.6 0 31 1 0 0 0 0 0 0 0 3.7 4.3 6.3 
24 HAY al 36 28 4.9 o.a 0 25 3 0 0 0 0 0 0 0 3.5 4.a l 0 

'" I 

31 MAY 81 ') 31 5.9 1.9 0 19 9 3 0 0 0 0 0 0 3.1 5.8 9.9 .. 
7 JUN 81 88 25 8.3 2.7 0 9 3 12 1 0 0 0 0 0 3.4 9.8 12.1 

26 JUN 81 0 14 12.3 2.6 0 1 () 2 9 2 0 0 0 () 4.7 12.5 16.4 
29 JUN 81 0 9 11.9 2.1 0 0 1 3 c:: 0 0 0 0 0 7.0 1'"' c 13.8 .., 't~ 
7 JUL 81 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 

12 JlJL a1 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 () 0.0 0.0 0.0 
24 JUL 81 0 0 0.0 0.0 0 0 0 0 0 0 () 0 0 0 0.0 0.0 0.0 
30 JIJL 81 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 
2 AUG 81 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 

14 AUG 81 0 0 0.0 0.0 0 0 0 0 0 (I 0 0 0 0 0.0 0.0 0.0 
24 AUG 81 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 
2 SEf' 31 0 0 0.0 0.0 0 0 0 0 0 0 0 (I 0 0 0.0 0.0 0.0 

SUMMARY 
TOTALS 126 139 6.8 3.2 0 85 17 20 15 'I 0 0 0 0 3.1 16.4 ... 

------------
NOTE: P=NUMBER OF UNMEASURED ORGANISMS; N=NIJMBER OF LENGTHS; MIN=SHORTEST LHlGTH, X=MEAN LENGTH; MEII=MEflIAN LENGTH, 

SCI=STANItARCt !lEVIATION; MAX=GREATEST LENGTH; NA=DATA NOT AVAILABLE. 



TABLE B-4 LENGTH-FREQUENCY OF CLUPEHIS COLLECTED DURING THE ENTfiAINMENT ABUNDANCE STUDY, ________________________________ I10LlLUILE:0I~LG£UERlllnlfLSIllIIOU.112S1", ________ , _________ --.... _. _____________ "' ___ ,. ___ ---------. ________ 

LENGTH HHEF:VALS (HH) 
---------------------------------------------------------------------- RANGE 

0.0 3.0 6.0 9.0 12.0 15.0 18.0 21.0 24.0 29.0 -------------------
nATE P N X S[I 2.9 5.9 8.9 11.9 14.9 17.9 20.9 23.9 23.9 999.9 MIN HEn NAX 

-------_ .... 

12 MAY 81 1 1 5.0 0.0 0 1 0 0 0 0 0 0 (; (; 5.u 5.0 5.0 
17 MAY 81 38 5 6.8 1.7 0 

., "l 1 0 0 0 0 0 0 5.3 6.5 9.5 .. .. 
24 HAY 81 20 6 10.4 3.0 0 0 3 2 0 1 0 0 0 0 8.3 9.1 16.2 
31 MAY 81 4 9 9.0 1.3 0 0 5 4 0 0 0 0 0 0 7.6 3.4 11.8 
7 JUN 81 0 6 11.1 3.9 0 0 2 1 2 1 0 0 0 0 6.0 11.4 17.0 

26 JUN 81 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 
29 JUN 81 I 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 
7 JUL 81 1 3 46.0 4.6 0 0 0 0 0 0 0 0 0 3 41.0 47.0 50.0 

12 JUL 81 1 11 46.1 3.3 0 0 0 0 0 0 0 0 0 11 42.0 45.0 51.5 
24 JUL 81 0 1 25.7 0.0 0 0 0 0 0 0 0 0 1 0 25.7 25.7 25.7 
30 JlJL 81 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 
2 AUG 81 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 

14 AUG 81 0 2 51.5 6.4 0 0 (j 0 0 0 0 0 0 'i .:.. 47.0 51.5 56.0 
24 AUG 81 0 0 0.0 0.0 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 
2 SEF' 81 0 0 0.0 0.0 (j 0 (j 0 0 0 0 0 0 (j 0.0 0.0 0.0 

SUMMARY 
TOTALS 65 44 23.2 18.5 0 3 12 S 2 2 0 0 16 5.0 56.0 

------------
NOTE: f'=NUMBER OF UNMEASURED ORGANISMS; N=NUMBm OF LENGTHS; MIN=SHORTEST LENGTH; X=MEi'lN LENGTH; HED=MEDIAN LENGTH; 

SIt=STANItARIt DEVIATION; HAX=GREATEST LENGTH; NA=ItATA NOT AVAILABLE. 



APPENDIX C 

DATA USED FOR EVALUATING EFFECTS OF 
SCHEDULED PLANT OUTAGE AT BOWLINE 1981 



Number 

C-1 

C-2 

C-3 

C-4 

C-5 

C-6 

C-7 

C-8 

C-9 

C-10 

C-11 

C-12 

C-13 

C-14 

LIST OF TABLES 

Title 

Weekly cooling water flow at Bowline 10 May - 5 September 1981. 

Weekly mean densities for striped bass collected during entrainment 
sampling at Bowline, 1981. 

Weekly mean densities for white perch collected during entrainment 
sampling at Bowline, 1981. 

Weekly mean densities for clupeids collected during entrainment 
sampling at Bowline, 1981. 

Weekly mean densities for bay anchovy collected during entrainment 
sampling at Bowline, 1981. 

Estimates of mechanical mortality used for calculating the number of 
individuals cropped by entrainment at Bowline, 1981. 

Equations and restrictions employed to predict mortality from 
thermal stress. 

Weekly median lengths for striped bass and white perch post yolk-sac 
larvae and juveniles collected during entrainment sampling at 
Bowline, 1981. 

Weekly estimates of the actual and projected number of striped bass 
eggs and yolk-sac larvae cropped by entrainment at Bowline during 
1981. 

Weekly estimates of the actual and projected number of striped bass 
post yolk-sac larvae and early juveniles cropped by entrainment at 
Bowline during 1981. 

Weekly estimates of the actual and projected number of white perch 
eggs and yolk-sac larvae cropped by entrainment at Bowline during 
1981. 

Weekly estimates of the actual and projected number of white perch 
post yolk-sac larvae and early juveniles cropped by entrainment at 
Bowline during 1981. 

Weekly estimtes of the actual and projected number of clupeid eggs 
and yolk-sac larvae cropped by entrainment at Bowline during 1981. 

Weekly estimates of the actual and projected number of clupeid post 
yolk-sac larvae and early juveniles cropped by entrainment at 
Bowline during 1981. 



Number 

C-15 

C-16 

LIST OF TABLES (CaNT.) 

Title 

Weekly estimates of the actual and projected number of bay anchovy 
eggs and yolk-sac larvae cropped by entrainment at Bowline during 
1981. 

Weekly estimates of the actual and projected number of bay anchovy 
post yolk-sac larvae and early juveniles cropped by entrainment at 
Bowline during 1981. 



TABLE C-l WEEKLY COOLING WATER FLOW AT BOWLINE 
10 MAY - 5 SEPTEMBER 1981 

Flow in Million Cubic Meters 
Actual 

Week Unit 1 Unit 2 Total Projected Total 

5/10-16 9.8 0.0 9.8 19.6 
5/17-23 9.9 0.0 9.9 19.7 
5/24-30 9.6 4.3 14.0 19.6 
5/31-6/6 7.8 5.7 13.5 19.7 
6/7 -13 9.8 0.0 9.8 19.6 
6/14-20 7.4 8.6 16.0 22.8 
6/21-27 0.0 11.9 11.9 23.7 
6/28-7/4 1.7 9.8 11.5 23.1 
7/5-11 12.1 8.5 20.5 24.1 
7/12-18 12.1 12.1 24.1 24.1 
7/19-25 12.1 12.1 24.1 24.1 
7/26-8/1 5.2 12.1 17.2 24.1 
8/2-8 1.7 11.7 13.4 23.9 
8/9-15 12.1 8.4 20.5 24.1 
8/16-22 11.3 1.7 13.0 22.6 
8/23-29 12.1 0.0 12.1 24.1 
8/30-9/5 6.9 9.6 16.5 24.1 

Total 141.3 116.4 257.8 383.3 



TABLE C-2 ~~EEKLY MEAN DENSITIES FOR STRIPED BASS COLLECTED DURING 
ENTRAINMENT SAMPLING AT BOWLINE 1981 

Dens;t~ Per 1,000m3 
Week 19.9. Yolk-Sac Larvae Post Yolk-Sac Larvae Juvenile 

5/10-16 a a a a 
5/17-23 0 1.6 1.0 0 
5/24-30 0 0 7.8 a 
5/31-6/6 0 0.6 98.5 a 
6/7 -13 0 0 207.8 0 
6/14-20* 0 a 75.9 2.4 
6/21-27 0 a 27.7 5.6 
6/28-7/4 0 0 1.3 1.8 
7/5-11 a 0 0 0 
7/12-18 0 0 0 0 
7/19-25 0 0 0 0 
7/26-8/1 0 0 0 0 
8/2-8 0 0 0 0 
8/9-15 0 0 0 0 
8/16-22* 0 0 0 0 
8/23-29 0 0 0 0 
8/30-9/5 0 0 0 0 

* No sampling. Estimate geometric mean of two adjacent weeks. 



TABLE C-3 WEEKLY MEAN DENSITIES FOR WHITE PERCH COLLECTED DURING 
ENTRAINMENT SAMPLING AT BOWLINE 1981 

Densitl Per 1,OOOm3 
Week ~ Yolk-Sac Larvae Post Yolk-Sac Larvae Juvenile 

5/10-16 0 0 0 0 
5/17-23 53.4 0 16.7 0 
5/24-30 13.5 0 33.2 0 
5/31-6/6 6.7 0 13.9 0 
6/7-13 2.1 0 0 0 
6/14-20* 1.7 0 1.9 2.2 
6/21-27 1.3 0 3.7 4.9 
6/28-7/4 0.6 0 3.7 1.8 
7/5-11 0 0 0 0 
7/12-18 0 0 0 0 
7/19-25 0 0 0 0 
7/26-8/1 0 0 0 0 
8/2-8 0 0 0 0 
8/9-15 0 0 0 0 
8/16-22* 0 0 0 0 
8/23-29 0 0 0 0 
8/30-9/5 0 0 0 0 

* No sampling. Estimate geometric mean of two adjacent weeks. 



TABLE C-4 WEEKLY MEAN DENSITIES FOR CLUPEIDS COLLECTED DURING 
ENTRAINMENT SAMPLING AT BOWLINE 1981 

Densit~ Per 1,OOOm3 
Week I9]. Yolk-Sac Larvae Post Yolk-Sac Larvae Juvenile 

5/10-16 3.2 0 1.0 0 
5/17-23 ° 0 22.4 ° 5/24-30 0 0 13.0 0 
5/31-6/6 0 0 6.8 0 
6/7-13 0 0 6.2 0 
6/14-20* 0 a 2.5 0 
6/21-27 0 a 0 0 
6/28-7/4 0 0 0 0 
7/5-11 0 0 0 1.3 
7/12-18 0 ° 0 3.0 
7/19-25 a 0 0 0 
7/26-8/1 a 0 0 a 
8/2-8 0 a 0 a 
8/9-15 0 0 0 1.0 
8116-22* 0 0 0 a 
8/23-29 0 0 a 0 
8/30-9/5 a 0 0 0 

* No sampling. Estimate geometric mean of two adjacent weeks. 



TABLE C-5 WEEKLY MEAN DENSITIES FOR BAY ANCHOVY COLLECTED DURING 
ENTRAINMENT SAMPLING AT BOWLINE 1981 

Densit~ Per 1,000m3 
Week Illil Yolk-Sac Larvae Post Yolk-Sac Larvae Juvenile 

5/10-16 0 0 0 0 
5/17-23 a 0 a 0 
5/24-30 0 0 0 a 
5/31-6/6 0 a 0.6 a 
6/7-13 a a a a 
6/14-20* a a 21.0 0 
6/21-27 a a 441.2 a 
6/28-7/4 0 a 674.3 0 
7/5-11 a 0 241.6 a 
7/12-18 7.3 a 1061.3 0.3 
7/19-25 a a 662.3 5.0 
7/26-8/1 a a 1031. 3 4.5 
8/2-8 0 a 821.8 5.1 
8/9-15 a a 908.7 29.6 
8/16-22* a a 694.7 10.5 
8/23-29 a a 531.1 3.7 
8/30-9/5 a a 186.5 15.4 

* No sampling. Estimate geometric mean of two adjacent weeks. 



TABLE C-6 ESTIMATES OF MECHANICAL MORTALITY USED FOR 
CALCULATING THE NUMBER OF INDIVIDUALS CROPPED 
BY ENTRAINMENT AT BOWLINE, 1981 

Species 

Striped bass 

\~hite perch 

Life Stage 

Egg 
Yolk-sac larvae 
Post yolk-sac larvae 
Early juvenil es 

Egg 
Yolk-sac larvae 
Post yolk-sac larvae 
Early juvenil es 

Mechanical Mortality 

.1l0 

.117 

.106 

.154 

.1l0 

.510 

.243 

.243 



TABLE C-7 EQUATIONS AND RESTRICTIONS EMPLOYED TO PREDICT MORTALITY FROM 
THERMAL STREss(a) 

Striped Bass Yolk-Sac Larvae(b) 

REST1 - (516.2 + 11.46 (DISTEM))/55.26 
IF (AMBTEM < REST1), THEN AMBTEM = REST1 
IF (AMBTEM > 20.0), THEN AMBTEt~ = 20.0 

THERMO = - 559.5 - 259.0(DISTEM) + 1.666 (DISTEM)2 + 11.46 (DISTEM)(AMBTEM) 
+ 64.33 (TRANST)2 + 516.2 (AMBTEt~) - 27.63 (AMBTEM)2 

REST2 = (259.0 - 11.46 (AMBTEM))/3.333 
IF (D I STEM .5. REST2), THEN THERr~O = 0.0 

Whibe Perch Yolk-Sac Larvae(b) 

THERMO = 99.15 - 7.205 (DISTEM)(TRANST) + 1.451 (DISTEM)(AMBTEM) 
+ 329.3 (TRANST) - 59.21 (AMBTEM) 

Striped Bass and White Perch Post Yolk-Sac Larvae and Juveniles 

IF (LENGTH> 26), THEN LENGTH = 26.0 mm 

THERMO = 22.01 + 1.601 (DISTEM) (AMBTEM) + 3.692 (TRANST) (LENGTH) 
- 47.92 (AMBTEM) - 0.8174 (AMBTEM)(LENGTH) + 0.2773 (LENGTH)2 

Striped Bass and White Perch Eggs 

IF (DISTEM < 33), THEN THERMO = 0.0 
IF (DISTEM ~ 33), THEN THERMO = 1.00 

where 

REST1, REST2 = restrictions one and two, respectively 
THERMO = percent mortality from thermal stress 
OISTEM = discharge (exposure) temperature (e) 
AMBTEM = ambient (acclimation) temperature (e) 
TRANST = logarithm to the base 10 of transit time 

time) in minutes 
LENGTH = organism length (mm). 

(exposure 

(a) When the calculated percent thermal mortality is less than zero or greater 
than 100, mortalities of zero and 100 percent are assigned, respectively. 

(b) Thermal mortality should not be calculated when ambient temperatures are 
greater than or equal to 22.0 e. No Morone yolk-sac larvae are expected 
to occur. 



TABLE C-8 WEEKLY MEDIAN LENGTHS FOR STRIPED BASS AND WHITE PERCH POST 
YOLK-SAC LARVAE AND JUVENILES COLLECTED DURING ENTRAINMENT 
SAMPLING AT BOWLINE, 1981 

Median Length (mm) 

Week 
Strired Bass White Perch 

Post Yolk-Sacarvae Juvenile Post Yolk-Sac Larvae Juvenile 

5/10-16 
5/17-23 
5/24-30 
5/31-6/6 
6/7-13 
6/14-20* 
6/21-27 
6/28-7/4 
7/5-11 
7/12-18 
7/19-25 
7/26-8/1 
8/2-8 
8/9-15 
8/16-22* 
8/23-29 
8/30-9/5 

6.6 
6.7 
7.8 
9.2 

10.9 
12.5 
13.9 

12.8 
13.9 
15.0 

3.7 
3.5 
3.1 

4.1 
4.7 
7.0 

* No sampiing. Estimate linear interpolation or extrapolation of two 
adjacent weeks' values. 

1l.7 
12.5 
13.3 



TABLE C-9 \·/EEKL Y ESTn~ATES OF THE ACTUAL AND PROJECTED NUMBER OF STRIPED 
BASS EGGS AND YOLK-SAC LARVAE CROPPED BY ENTRAINMENT AT BOHLINE 
DURING 1981 

EGGS 

ACTUAL PROJECTED 
WEEK UNIT 1 UNIT 2 TOTAL TOTAL 

5/10-5/16 
5/17-5/23 
5/24-5/30 
5/31-6/01 
6/07-6/13 
6/14-6/20 
6/21-6/27 
6/28-7/04 
7/05-7/11 NONE COLLECTED 
7/12-7/18 
7/19-7/25 
7/26-8/01 
8/02-8/08 
8/09-8/15 
8/16-8/22 
8/23-8/29 
8/30-9/05 

Total 

YOLK-SAC LARVAE 

ACTUAL PROJECTED 
WEEK UNIT 1 UNIT 2 TOTAL TOTAL 

5/10-5/16 0 0 0 0 
5/17 -5/23 1,847 a 1,847 3,693 
5/24-5/30 0 a a 0 
5/31-6/01 547 397 944 1,384 
6/07-6/13 0 a 0 a 
6/14-6/20 0 0 0 0 
6/21-6/27 0 0 0 a 
6/28-7/04 0 0 0 a 
7/05-7/11 0 0 0 a 
7/12-7/18 0 a 0 a 
7/19-7/25 0 0 0 0 
7/26-8/01 0 0 0 0 
8/02-8/08 0 0 0 a 
8/09-8/15 0 0 0 a 
8/16-8/22 0 0 a a 
8/23-8/29 0 0 a 0 
8/30-9/05 0 0 0 0 

Total 2,394 397 2,791 5,077 



TABLE C-10 WEEKLY ESTIMATES OF THE ACTUAL AND PROJECTED NUMBER OF STRIPED 
BASS POST YOLK-SAC LARVAE AND EARLY JUVENILES CROPPED BY ENTRAIN-
MENT AT BOWLINE DURING 1981 

POST YOLK SAC LARVAE 

ACTUAL PROJECTED 
WEEK UNIT 1 UNIT 2 TOTAL TOTAL 

5/10-5/16 0 0 0 0 
5/17-5/23 1,046 0 1,046 2,091 
5/24-5/30 7,943 3,594 11,537 16,214 
5/31-6/01 81,403 59,065 140,468 205,889 
6/07-6/13 284,439 0 284,439 568,878 
6/14-6/20 136,855 69,246 206,101 338,877 
6/21-6/27 0 34,853 34,853 69,706 
6/28-7/04 237 1,354 1,591 3,182 
7/05-7/11 a 0 0 0 
7/12-7/18 a 0 a a 
7/19-7/25 0 0 a 0 
7/26-8/01 0 0 0 0 
8/02-8/08 0 0 0 0 
8/09-8/15 a 0 a 0 
8/16-8/22 0 0 0 0 
8/23-8/29 0 0 0 0 
8/30-9/05 0 0 0 0 

Total 511,923 168,112 680,035 1,204,837 

EARLY JUVENILES 

ACTUAL PROJECTED 
WEEK UNIT 1 UNIT 2 TOTAL TOTAL 

5/10-5/16 0 0 0 0 
5/17-5/23 0 0 0 0 
5/24-5/30 0 0 0 0 
5/31-6/01 0 0 0 0 
6/07-6/13 0 0 0 0 
6/14-6/20 1,610 3,181 4,791 10,661 
6/21-6/27 0 10,237 10,237 20,474 
6/28-7/04 477 2,723 3,200 6,400 
7/05-7/11 0 0 0 0 
7/12-7/18 0 0 0 0 
7/19-7/25 0 0 0 0 
7/26-8/01 0 0 0 0 
8/02-8/08 0 0 0 0 
8/09-8/15 0 0 0 0 
8/16-8/22 0 0 o· 0 
8/23-8/29 0 0 0 0 
8/30-9/05 0 0 0 0 

Total 2,087 16,141 18,228 37,535 



~'. 

TABLE C-11 WEEKLY ESTIMATES OF THE ACTUAL AND PROJECTED NUMBER OF WHITE 
PERCH EGGS AND YOLK-SAC LARVAE CROPPED BY ENTRAINMENT AT BOWLINE 
DURING 1981 

WEEK 

5/10-5/16 
5/17-5/23 
5/24-5/30 
5/31-6/01 
6/07-6/13 
6/14-6/20 
6/21-6/27 
6/28-7/04 
7/05-7/11 
7/12-7/18 
7/19-7/25 
7/26-8/01 
8/02-8/08 
3/09-8/15 
8/16-8/22 
8/23-8/29 
8/30-9/05 

Total 

WEEK 

5/10-5/16 
5/17-5/23 
5/24-5/30 
5/31-6/01 
6/07-6/13 
6/14-6/20 
6/21-6/27 
6/28-7/04 
7/05-7/11 
7/12-7/18 
7/19-7/25 
7/26-8/01 
8/02-8/08 
8/09-8/15 
8/16-8/22 
8/23-8/29 
8/30-8/05 

Total 

UNIT 1 

a 
57,947 
14,266 
5,746 

4,1882 
6,103 

0 
114 

a 
0 
a 
0 
a 
a 
a 
a 
a 

89,059 

UNIT 1 

EGGS 

ACTUAL 
UNIT 2 

a 
o 

6,455 
4,169 

o 
1,609 
1,697 

648 
o 
a 
o 
a 
a 
a 
a 
a 
o 

14,578 

YOLK-SAC LARVAE 

ACTUAL 
UNIT 2 

NONE COLLECTED 

TOTAL 

0 
57,947 
20,721 
9,915 
4,883 
7,712 
1,603 

762 
0 
a 
a 
0 
0 
0 
a 
0 
a 

103,637 

TOTAL 

PROJECTED 
TOTAL 

0 
l15,895 
29,121 

14,5335 
9,767 

13,720 
3,395 
1,524 

0 
0 
0 
0 
0 
0 
0 
0 
0 

187,955 

PROJECTED 
TOTAL 



TABLE C-12 WEEKLY ESTIMATES OF THE ACTUAL AND PROJECTED NUMBER OF WHITE 
PERCH POST YOLK-SAC LARVAE AND EARLY JUVENILES CROPPED BY 
ENTRAINMENT AT BOWLINE DURING 1981 

POST YOLK-SAC LARVAE 

ACTUAL PROJECTED 
WEEK UNIT 1 UNIT 2 TOTAL TOTAL 

5/10-5/16 ° ° ° ° 5/17-5/23 40,033 0 40,033 80,067 
5/24-5/30 89,864 35,070 124,934 186,417 
5/31-6/01 26,334 19,908 45,442 66,606 
6/07-6/13 0 0 0 0 
6/14-6/20 7,949 3,974 11 ,923 19,638 
6/21-6/27 0 10,672 10,672 21,345 
6/28-7/04 1,549 8,831 10,380 20,760 
7/05-7/11 0 0 0 0 
7/12-7/18 0 0 0 0 
7/19-7/25 0 0 0 0 
7/26-8/01 0 0 0 0 
8/02-8/08 0 0 0 0 
8/09-8/15 0 0 0 0 
8/16-8/22 0 0 0 ° 8/23-8/29 0 0 0 0 
8/30-9/05 0 0 0 0 

Total 165,729 77 ,655 243,384 394,833 

EARLY JUVENILES 

ACTUAL PROJECTED 
WEEK UNIT 1 UNIT 2 TOTAL TOTAL 

5/10-5/16 ° ° a ° 5/17-5/23 0 0 0 0 
5/24-5/30 a 0 a 0 
5/31-6/01 0 ° ° 0 
6/07-6/13 0 ° 0 ° 6/14-6/20 0 4,601 10,009 15,145 
6/21-6/27 0 14,134 14,134 28,267 
6/28-7/04 753 4,296 5,049 10,099 
7/05-7/11 0 ° 0 0 
7/12-7/18 0 0 0 0 
7/19-7/25 0 0 0 0 
7/26-8/01 0 0 0 0 
8/02-8/08 0 0 a 0 
8/09-8/15 a 0 a 0 
8/16-8/22 0 ° 0 0 
8/23-8/29 0 a 0 0 
8/30-9/05 0 0 0 0 

Total 6,161 23,031 29,192 53,511 



TABLE C-13 WEEKLY ESTIMATES OF THE ACTUAL AND PROJECTED NUMBER OF CLUPEID 
EGGS AND YOLK-SAC LARVAE CROPPED BY ENTRAINMENT AT BOWLINE 
DURING 1981 

EGGS 

ACTUAL PROJECTED 
WEEK UNIT 1 UNIT 2 TOTAL TOTAL 

5/10-5/16 31~379 0 31,379 62,759 
5/17-5/23 0 0 a 0 
5/24-5/30 0 0 0 0 
5/31-6/01 0 0 0 a 
6/07-6/13 0 0 a 0 
6/14-6/20 0 0 0 0 
6/21-6/27 0 0 0 0 
6/28-7/04 0 0 0 0 
7/05-7/11 0 0 0 0 
7/12-7/18 0 0 0 0 
7/19-7/25 0 0 0 0 
7/26-8/01 0 0 0 0 
8/02-8/08 0 0 a 0 
8/09-8/15 a 0 0 0 
8/16-8/22 0 0 0 0 
8/23-8/29 0 0 0 0 
8/30-9/05 0 0 0 0 

Total 31~379 0 31,379 62,759 

YOLK-SAC LARVAE 

ACTUAL PROJECTED 
WEEK UNIT 1 UNIT 2 _---=:..:..:.:..;:.....=.. ___ ---=:..:..:.:..;:-..=-___ -..:T..;:,OT.:.,:.A;::.L TOTAL 

5/10-5/16 
5/17-5/23 
5/24-5/30 
5/31-6/01 
6/07-6/13 
6/14-6/20 
6/21-6/27 
6/28-7/04 
7/05-7/11 NONE COLLECTED 
7/12-7/18 
7/19-7/25 
7/26-8/01 
8/02-8/08 
8/09-8/15 
8/16-8/22 
8/23-8/29 
8/30-8/05 

Total 



TABLE C-14 WEEKLY ESTIMATES OF THE ACTUAL AND PROJECTED NUMBER OF CLUPEID 
POST YOLK-SAC LARVAE AND EARLY JUVENILES CROPPED BY ENTRAINMENT 
AT BOWLINE DURING 1981 

POST YOLK-SAC LARVAE 

ACTUAL PROJECTED 
WEEK UNIT 1 UNIT 2 TOTAL TOTAL 

5/10-5/16 9,806 0 9,806 19,612 
5/17-5/23 220,978 0 220,978 441,956 
5/24-5/30 124,892 56,512 181,404 254,933 
5/31-6/01 53,016 38,368 91,484 134,091 
6/07-6/13 60,797 0 60,797 121,595 
6/14-6/20 18,410 21,517 39,927 57,070 
6/21-6/27 0 0 0 0 
6/28-7/04 0 0 0 0 
7/05-7/11 0 0 0 0 
7/12-7/18 a a a a 
7/19-7/25 0 0 a a 
7/26-8/01 a a 0 0 
8/02-8/08 a 0 a a 
8/09-8/15 a a 0 0 
8/16-8/22 a a a 0 
8/23-8/29 0 a a a 
8/30-9/05 0 0 0 a 
Total 487,899 116,497 604,396 1,029,257 

EARLY JUVENILES 

ACTUAL PROJECTED 
WEEK UNIT 1 UNIT 2 TOTAL TOTAL 

5/10-5/16 a a a 0 
5/17-5/23 0 a a 0 
5/24-5/30 0 0 a 0 
5/31-6/01 0 0 a 0 
6/07-6/13 0 0 0 0 
6/14-6/20 a a 0 0 
6/21-6/27 0 0 0 a 
6/28-7/04 0 a a a 
7/05-7/11 15,674 11 ,034 26,709 31,349 
7/12-7/18 36,172 36,172 72,343 72,343 
7/19-7/25 0 a a a 
7/26-8/01 0 0 a 0 
8/02-8/08 a 0 0 a 
8/09-8/15 12,057 8,408 20,465 24,114 
8/16-8/22 0 0 0 a 
8/23-8/29 a 0 0 0 
8/30-8/05 0 0 0 0 

Total 63,903 55,614 119,517 127,806 



TABLE C-15 WEEKLY EST mATES OF THE ACTUAL AND PROJECTED NUMBER OF BAY 
ANCHOVY EGGS AND YOLK-SAC LARVAE CROPPED BY ENTRAINMENT AT 
BOWLINE DURING 1981 

EGGS 

ACTUAL PROJECTED 
WEEK UNIT 1 UNIT 2 TOTAL TOTAL 

5/10-5/16 0 0 0 0 
5/17-5/23 0 0 0 0 
5/24-5/30 a 0 a a 
5/31-6/01 0 ° a 0 
6/07-6/13 0 ° a 0 
6/14-6/20 0 ° 0 0 
6/21-6/27 0 ° 0 0 
6/28-7/04 0 ° a 0 
7/05-7/11 0 0 0 0 
7/12-7/18 88,018 88,018 176,036 176,036 
7/19-7/25 a 0 a 0 
7/26-8/01 0 0 0 0 
8/02-8/08 0 0 a 0 
8/09-8/15 a 0 a 0 
8/16-8/22 a 0 0 0 
8/23-8/29 a 0 0 0 
8/30-9/05 a 0 0 ° 
Total 88,018 88,018 176,036 176,036 

YOLK-SAC LARVAE 

ACTUAL PROJECTED 
WEEK UNIT 1 UNIT 2 TOTAL TOTAL 

5/10-5/16 
5/17-5/23 
5/24-5/30 
5/31-6/01 
6/07-6/13 
6/14-6/20 
6/21-6/27 
6/28-7/04 
7/05-7/11 NONE COLLECTED 
7/12-7/18 
7/19-7/25 
7/26-8/01 
8/02-8/08 
8/09-8/15 
8/16-8/22 
8/23-8/29 
8/30-8/05 

Total 



TABLE C-16 WEEKLY ESTIMATES OF THE ACTUAL AND PROJECTED NUMBER OF BAY 
ANCHOVY POST YOLK-SAC LARVAE AND EARLY JUVENILES CROPPED BY 
ENTRAINMENT AT BOWLINE DURING 1981 

POST YOLK-SAC LARVAE 

ACTUAL PROJECTED 
WEEK UNIT 1 UNIT 2 TOTAL TOTAL 

5/10-5/16 a a ° 0 
5/17-5/23 a a ° 0 
5/24-5/30 ° ° 0 0 
5/31-6/01 4,678 3,394 8,072 11 ,832 
6/07-6/13 ° 0 0 0 
6/14-6/20 154,645 180,744 335,390 479,390 
6/21-6/27 0 5,237,084 5,237,084 10,474,167 
6/28-7/04 1,161,455 6,623,238 7,784,699 15,569,398 
7/05-7/11 2,913,027 2,050,665 4,963,691 5,816,054 
7/12-7/18 12,796,338 12,796,338 25,592,687 25,592,676 
7/19-7/25 7,985,503 7,985,503 15,971 ,013 15,971,007 
7/26-8/01 5,329,129 12,434,621 17,763,751 24,869,243 
8/02-8/08 1,415,518 9,634,635 11,050,161 19,615,692 
8/09-8/15 10,956,04 7,640,259 18,596,673 21,912,810 
8/16-8/22 7,864,324 1,196,593 9,060,923 15,728,647 
8/23-8/29 6,403,595 ° 6,403,595 12,807,190 
8/30-9/05 1,283,431 1,794,772 3,078,203 4,497,347 

Total 58,268,048 67,577,846 125,845,942 173,355,453 

EARLY JUVENILES 

ACTUAL PROJECTED 
WEEK UNIT 1 UNIT 2 TOTAL TOTAL 

5/10-5/16 a 0 a 0 
5/17-5/23 0 ° a a 
5/24-5/30 ° a 0 0 
5/31-6/01 ° 0 0 0 
6/07-6/13 0 0 0 0 
6/14-6/20 0 0 a 0 
6/21-6/27 0 a a a 
6/28-7/04 0 0 a 0 
7/05-7/11 0 0 a 0 
7/12-7/18 3,617 3,617 7.234 7.234 
7/19-7/25 60,286 60,286 120,572 120,572 
7/26-8/01 23,253 54,258 77 ,511 108,515 
8/02-8/08 8,785 59,791 68,576 121,733 
8/09-8/15 356,894 248,874 605,768 713,788 
8/16-8/22 118,865 18,086 136,951 237,730 
8/23-8/29 44,612 ° 44,612 89,224 
8/30-9/05 105,978 148,201 254,179 371 ,363 

Total 722,290 593,113 1,315,403 1,770,159 



APPENDIX D 

DATA USED FOR ANALYSIS OF RELATIONSHIP BETWEEN SURVIVAL OF 
YOUNG OF THE YEAR IMPINGED FISH AT THE BOWLINE POINT PLANT 

AND PHYSICO-CHEMICAL VARIABLES 1975-1981 
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TABLE 0-1 DATA USED FOR ANALYSIS OF RELATIONSHIP BETWEEN SURVIVAL OF YOUNG 
OF THE YEAR WHITE PERCH IMPINGED AT THE BOWLINE POINT PLANT AND 
PHYSICO-CHEMICAL VARIABLES 1975-1981 

Average Number Percent 
Serial Average Condo Total Live at Survival 

OBS Number Temp (C) (~mhos/cm) Number 108 hrs. 108 hrs. 

1 BABDE002 25.9 8799 33 32 96.970 
2 BABDE003 24.8 4867 140 103 73.571 
3 BABDE004 21.4 3145 10 7 70.000 
4 BABDE009 7.6 667 42 22 52.381 
5 BABDE010 5.4 226 32 4 12.500 
6 BABDE012 1.3 1876 18 7 38.889 
7 BABDE013 0.2 2778 171 123 71. 930 
8 BABDE014 -0.6 6817 11 4 36.364 
9 BABDE015 -0.9 6394 71 47 66.197 

10 BABDE016 0.5 4560 142 99 69.718 
11 BABDE017 3.6 182 91 22 24.176 
12 BABDE018 8.0 138 84 21 25.000 
13 BABDE019 11.6 795 88 36 40.909 
14 BABDE025 26.1 7633 101 75 74.257 
15 BABDE028 24.3 10642 15 15 100.000 
16 BABDE636 4.4 3127 34 31 91.176 
17 BABDE637 2.2 2260 67 35 52.239 
18 BABDP017 3.6 181 47 17 36.170 
19 BCBDE601 0.3 6645 63 53 84.127 
20 BCBDE602 2.8 3246 357 282 78.992 
21 BCBDE603 4.0 1408 138 77 55.797 
22 BCBDE604 3.2 1911 308 141 45.779 
23 BCBDE605 5.0 2138 422 143 33.886 
24 BCBDE606 7.0 2974 150 107 71.333 
25 BCBDE607 9.5 850 533 226 42.402 
26 BSIOOl 9.7 195 16 4 25.000 
27 BSI002 9.7 195 10 2 20.000 
28 B5I003 9.6 196 22 3 13.636 
29 BS1004 9.7 199 14 0 0.000 
30 BS1010 7.2 197 65 31 47.692 
31 8SI011 7.0 190 24 9 37.500 
32 BS1012 7.0 190 50 19 38.000 
33 BS1013 7.0 190 20 10 50.000 
34 BSI017 7.3 626 101 56 55.446 
35 8S1018 7.2 680 242 165 68.182 
36 BS1023 4.2 1670 71 46 64.789 
37 BS1024 4.2 1670 70 45 64.286 
38 BS1025 4.2 1691 73 62 84.932 
39 BSI026 4.2 1691 68 56 82.353 
40 BS1027 4.1 1684 72 62 86.111 
41 BS1028 4.1 1681 65 46 70.769 
42 BSI029 4.1 1697 74 37 50.000 
43 B5I031 4.0 1692 64 41 64.063 
44 BS1033 4.0 1679 61 41 67.213 
45 BSI040 3.4 1105 70 63 90.000 
46 851042 3.4 1124 60 52 86.667 



TABLE D-1 CaNT. 

Average Number Percent 
Seri al Average Condo Total Live at Survival 

OBS Number TemE {Cl {llmhos/cm} Number 108 hrs. 108 hrs. 

47 BS1044 3.4 1139 59 38 64.407 
48 BS1046 4.4 1174 65 37 56.923 
49 BS1047 4.4 1174 56 47 83.929 
50 BS1048 4.4 1176 69 60 86.956 
51 BS1049 4.4 1176 59 58 98.305 
52 BS1050 4.4 1177 64 37 57.812 
53 BS1051 4.4 1177 45 36 80.000 
54 BS1057 2.0 531 63 7 11.111 
55 BSI058 2.0 531 63 2 3.175 
56 BS1059 1.9 531 69 9 13.043 
57 BS1060 1.9 531 60 2 3.333 
58 B51061 1.9 522 61 10 16.393 
59 B5I062 1.9 526 54 4 7.407 
60 851063 1.8 661 66 7 10.606 
61 BS1064 1.8 659 63 20 31. 746 
62 B51065 1.8 658 68 29 42.647 
63 B52001 1.7 3586 141 7 4.964 
64 B52002 0.8 3822 27 2 7.407 
65 B52003 0.8 3822 15 6 40.000 
66 B52004 0.9 3818 17 2 11. 765 
67 B52006 0.9 3775 10 1 10.000 
68 B52010 0.7 1923 25 5 20.000 
69 B52011 1.9 1923 12 4 33.333 
70 B52012 0.7 1944 35 5 14.286 
71 B52013 1.6 1944 49 13 26.531 
72 BS2014 1.5 1941 28 3 10.714 
73 B52015 0.6 1941 32 5 15.625 
74 B52016 0.7 1970 10 1 10.000 
75 852017 0.7 1970 14 3 21.429 
76 B52018 0.7 1971 20 3 15.000 
77 B52019 2.2 2149 42 4 9.524 
78 B52020 1.8 2148 43 7 16.279 
79 B52021 1.5 2090 48 10 20.833 
80 B52022 1.6 2071 101 12 11.881 
81 B52023 1.6 2071 49 8 16.326 
82 B52024 1.9 2074 96 23 23.958 
83 B52025 1.9 2074 80 13 16.250 
84 B52026 1.7 2009 78 8 10.256 
85 B52027 1.7 2013 62 28 45.161 
86 B52028 2.7 1459 49 5 10.204 
87 B52029 2.7 1459 14 4 28.571 
88 B52030 2.6 1451 42 13 30.952 
89 B52031 2.7 1536 36 5 13.889 
90 852032 2.7 1562 34 11 32.353 
91 B52033 2.7 1562 43 17 39.535 
92 B52034 3.3 1444 74 32 43.243 
93 B52035 3.0 1463 248 107 43.145 
94 B52036 3.3 1465 191 61 31. 937 



TABLE D-1 CONT 

Average Number Percent 
Seri al Average Condo Total live at Survival 

OB5 Number Temp (C) (lJmhos/cm) Number 108 hrs. 108 hrs. 

95 B52042 4.7 150 10 0 0.000 
96 B52048 4.9 140 16 1 6.250 
97 B52050 7.6 134 60 5 8.333 
98 852052 7.5 125 29 2 6.897 
99 B52053 3.7 2460 46 28 60.870 

100 B52054 3.5 2404 17 11 64.706 
101 BS2063 3.7 680 98 36 36.735 
102 852064 3.4 661 195 72 36.923 
103 853001 1.2 605 13 0 0.000 
104 B53002 1.5 1595 160 58 36.250 
105 B53005 1.3 173 63 7 11.111 
106 853008 1.2 355 14 1 7.143 
107 ' 853009 1.2 355 17 2 11. 765 
108 B53015 6.6 166 234 25 10.684 
109 8S3018 8.8 187 26 5 19.231 
110 853021 8.4 3615 232 225 96.983 
111 853024 11.1 718 165 93 56.364 
112 I5B001 5.7 1013 10 9 90.000 
113 I5B002 5.7 1013 88 84 95.454 
114 158005 2.9 309 29 10 34.483 
115 158007 8.1 199 34 2 5.882 
116 IS8008 10.4 976 71 48 67.606 



TABLE 0-2 DATA USED FOR ANALYSIS OF ~~E RELATIONSHIP BETWEEN SURVIVAL OF 
YOUNG OF THE YEAR STRIPED BASS IMPINGED AT THE BOWLINE POINT 
PLANT AND PHYSICO-CHEMICAL VARIABLES, 1975-1981 

Average Number Survival 
Serial Average Condo Total Live at Proportion 

OBS Number Temp (C) (umhos/cm) Number 108 hrs. 108 hrs. 

1 BCBOE601 0.3 6645 27 19 0.704 
2 BCBOE604 3.2 1911 308 139 0.451 
3 BSI044 3.4 l139 11 11 1.000 
4 BSI046 4.4 1174 10 3 0.300 
5 BSI047 4.4 l174 10 10 1.000 
6 BSI049 4.4 l176 11 11 1.000 
7 BSI051 4.4 l177 16 13 0.812 
8 BSI057 2.0 531 11 2 0.182 
9 BSI059 1.9 531 19 2 0.105 

10 BS1061 1.9 522 18 4 0.222 
11 BSI062 1.9 526 10 2 0.200 
12 BSI063 1.8 661 14 1 0.071 
13 BS2001 1.7 3586 25 4 0.160 
14 BS2010 0.7 1923 11 1 0.090 
15 BS2012 0.7 1944 20 4 0.200 
16 BS2016 0.7 1970 20 2 0.100 
17 BS2018 0.7 1971 12 0 0.000 
18 BS2019 2.2 2149 16 3 0.187 
19 BS2020 1.8 2148 25 2 0.080 
20 BS2021 1.5 2090 16 6 0.375 
21 BS2022 1.6 2071 24 10 0.417 
22 BS2024 1.9 2074 28 7 0.250 
23 BS2026 1.7 2009 51 2 0.039 
24 BS2027 1.7 2013 11 5 0.455 
25 BS2028 2.7 1459 13 1 0.077 
26 BS2030 2.6 1451 15 4 0.267 
27 BS2032 2.7 1562 15 11 0.733 
28 BS2034 3.3 1444 31 20 0.645 
29 8S2035 3.0 1463 110 39 0.355 
30 BS2036 3.3 1465 77 32 0.416 
31 BS3002 1.5 1595 12 4 0.333 
32 ISB005 2.9 309 30 3 0.100 
33 BCBOE605 5.0 2138 224 70 0.312 
34 BCBOE606 7.0 2974 26 18 0.692 
35 BCBOE607 9.5 850 45 22 0.489 
36 BS3015 6.6 166 72 1 0.014 
37 BS3018 8.8 187 19 0 0.000 
38 BS3021 8.4 3615 28 15 0.536 
39 BS3024 11.1 718 19 6 0.316 
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PREFACE 

Orange and Rockland Utilities, Inc. hereby submits this demonstration to the 

United States Environmental Protection Agency (EPA) pursuant to Section 316(a) 

of the Federal Water Pollution Control Act as amended, 33 U.S.C. Section 1326a, 

and the proposed National Pollutant Discharge Elimination System (NPDES) 

Permit No. NY0008010 for the Bowline Point Generating Station. 

This demonstration shows that the effluent limitations for the Bowline Point 

plant, as specified in this proposed NPDES permit, are more stringent than 

necessary to assure the protection and propagation of a balanced, indigenous 

population of shellfish, fish, and wildlife in and on the Hudson River estu

ary. In accordance with Orange and Rockland's 316(a) plan of study and demon

stration submitted to EPA Region II on 2 July 1976, and subsequently approved 

by written authorization on 22 December 1976, this is a Type III demonstra

tion, in that it incorporates aspects of both Type I (nonpredictive) and Type 

II (predictive) demonstrations to evaluate the possible effects of the Bowline 

Point plant's thermal discharge. The information presented herein has been 

organized so that a single volume presents a summary of pertinent data 

relating to the hydrothermal analyses of the discharge (Chapter 3), and an 

evaluation of the effects, if any, of the discharge on specific biotic 

(trophic level) categories (Cnapter 4) and representative import species 

(Chapter 5). A synthesis of the key facts and evidence which demonstrate 

that continued use of once-through cooling at the Bowline Point plant will not 

alter the balanced, indigenous biological community in and on the Hudson River 

estuary is presented in the Master Rationale (Chapter 2). Additionally, the 

costs versus benefits of implementing and operating a closed-cycle cooling 

system at the Bowline Point plant are addressed in Chapter 6. 



The basic format and content of this demonstration follow recommendations of 

the current 1 May 1977 draft of the EPA "316(a) Technical Guidance Manual" 

where appropriate. 

Documents which are part of the record in Docket II-C/WP-77-1, the consol

idated adjudicatory hearing for the major Hudson River electric generating 

stations, are referred to in this demonstration. Such references incorporate 

any supplements, additions, or errata which have been introduced in such 

proceeding with regard to the specific documents identified herein. 



Chapter 1 
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CHAPTER 1: INTRODUCTION 

1.1 BOWLINE POINT GENERATING STATION 

The Bowline Point Generating Station is located on the west bank of the Hudson 

River near Haverstraw, New York, approximately 37.5 mi north of the river mouth 

at the Battery in New York City. The location of the plant in relation to 

other electric generating stations on the Hudson River estuary is shown in 

Figure 1. 1-1 . 

Orange and Rockland Utilities, Inc. and Consolidated Edison Company of New 

York (Con Edison) own the Bowline Point plant as tenants in common, with own

ership of one third and two thirds, respectively. Orange and Rockland, on 

behalf of the tenants in common, arranged for, supervised, and effectuated the 

design and construction of the plant which it now operates and maintains. 

The Bowline Point plant consists of two 600 MWe (rated net generating capacity) 

oil- and gas-fired steam-electric units; Unit 1 has been in operation since 

September 1972 and Unit 2 began commercial operation in May 1974. Each 

unit has a separate once-through cooling water system that transfers waste 

heat from the condensers to the Hudson River. Cooling water for each unit is 

drawn from Bowline Pond, which is connected with the Hudson River by a shallow 

inlet permitting a free exchange of river water, and discharged back into the 

river through separate offshore diffusers. 

1 • 1-1 
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Figure 1.1-1. Location of the Bowline Point plant in relation to other generating stations 
on the Hudson River Estuary (Scale: 1:1,267,200) (adapted from ORU 1917). 



1.2 REGULATORY REQUIREMENTS AFFECTING THE BOWLINE POINT GENERATING 
STATION'S THERMAL DISCHARGE 

1.2.1 Background 

Current legislation affecting the discharge of heat by open-cycle electrical 

generating facilities, such as the Bowline Point Generating Station, is con-

tained in the Federal Water Pollution Control Act as amended (the Act). The 

primary purpose of the Act is to provide for the maintenance of the chemical, 

physical, and biological integrity of the nation's waters. Of particular 

concern to the electrical utility industry is the fact that, under the Act, 

heat or the thermal component of a discharge (such as power plant condenser 

cooling water) is classified as a pollutant to be controlled. 

The United States Environmental Protection Agency (EPA) has the responsibility 

for administering the Act and is empowered by the Act to grant National Pollu-

tant Discharge Elimination System (NPDES) permits for certain discharges, 

under conditions or limitations to be stated in the permits. Section 316(a) 

of the Act, however, provides a mechanism for modification of thermal effluent 

limitations in certain cases. In accordance with the specifications of Sec-

tion 316(a), EPA has the authority to impose less stringent effluent limita-

tions for the control of the thermal component of any discharge if the owner 

or operator of the discharge source can satisfactorily demonstrate to the EPA 

administrator that existing limitations are more stringent than necessary 

" ... to assure the protection and propagation of a balanced, indigenous popula-

tion of shellfish, fish and wildlife in and on the body of water into which 

the discharge is made." 
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1.2.2 History of Regulatory Proceedings 

On 15 November 1911, before the Bowline Point plant became operational and 

prior to the enactment of the Act, Orange and Rockland Utilities filed an ap-

plication with the United States Army Corps of Engineers for a discharge 

permit under the "Refuse Act."* When the Act became effective on 18 October 

1972,** this application automatically became an application to the EPA for 

an NPDES permit. 

On 24 May 1914, 19 months later, EPA Region II sent Orange and Rockland a 

"draft" NPDES permit that required the virtual elimination of the discharge of 

heat which would effectively require the construction of one cooling tower for 

each unit at the Bowline Point plant. Orange and Rockland requested an adjud-

dicatory hearing upon this "draft" permit on 28 June 1914, and applied for 

alternative effluent limitations pursuant to Section 316(a) of the Act. On 

28 July 1974, Orange and Rockland submitted to EPA Region II preliminary 

316(a) demonstration information which was then available. 

Orange and Rockland received a proposed NPDES permit from EPA Region II on 

25 February 1975. This proposed permit also effectively required cooling 

tower installation (by 1 July 1981). 

On 14 March 1915, Orange and Rockland requested an adjudicatory hearing on the 

proposed permit, challenged the required reduction of the thermal discharge, 

and again requested alternative effluent limitations under Section 316(a) of 

the Act. Orange and Rockland's request for an adjudicatory hearing was 

granted by EPA Region II on 20 June 1975. 

* 33 U.S.C. Section 401. 
** 33 U.S.C. Sections 1251-1376 CAppo V 1975). 
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On 20 June 1975, Orange and Rockland and EPA Region II Staff held a meeting to 

discuss the representative important species (RIS) which would be involved in 

a 316(a) determination; EPA suggested that Orange and Rockland formally 

request that EPA designate the RIS. In accordance with this suggestion, a 

formal request by Orange and Rockland was filed with EPA Region II on 10 Feb-

ruary 1976. Acting pursuant to Section 316(a) of the Act and 40 CFR 122.9 (b) 

(ii) (A), on 3 May 1976 EPA designated the RIS (Table 1.2-1) and required 

Orange and Rockland to submit within 60 days a plan of study and demonstration. 

Orange and Rockland submitted this RIS plan of study to EPA Region II on 

2 July 1976. 

On 30 November 1976, Orange and Rockland was advised orally by EPA Region II 

that the plan of study had been approved. Formal written approval followed on 

22 December 1976; this approval required Orange and Rockland to submit: (1) 

a status report within 2 months; (2) a progress report within 12 months of the 

initiation of 316(a) studies; and (3) a final "Type III demonstration" by 31 

March 1978. Pursuant to this schedule, Orange and Rockland filed on 7 March 

1977 its first status report entitled "Hudson River Thermal Effects Studies 

for Representative Species" (January 1977), and on 13 July 1977 Orange and 

Rockland's second progress report was submitted. The present report is sub-

mitted in compliance with the schedule specified by EPA Region II as Orange 

and Rockland's 316(a) demonstration. 

1.2.3 Regulatory Proceedings Pertaining to Cost-Benefit Analysis for 
Closed-Cycle Cooling 

rne effluent limitations applied to the thermal component of the Bowline Point 

plant's cooling water discharge by the Tentative Determinations of EPA Region 

II were based on Effluent Guidelines and Standards for the Steam Electric 
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TABLE 1.2-1 REPRESENTATIVE IMPORTANT SPECIES FOR THE BOWLINE POINT 
GENERATING STATION, AS DESIGNATED BY THE UNITED STATES 
ENVIRONMENTAL PROTECTION AGENCY, 3 MAY 1976 

Common Name 

Alewife 
Atlantic sturgeon 
Atlantic tomcod 
Bay anchovy 
Shortnose sturgeon 
Spottail shiner 
Striped bass 
Weakfish 
White catfish 
White perch 

Fish 

Scientific Name 

Alosa pseudoharengus 
Acipenser oxyrhynchus 
Microgadus tomcod 
Alosa mit chilli 
ACIPenser brevirostrum 
Notropis hudson ius 
Morone saxatilis 
Cynoscion regalis 
Ictalurus catus --Morone americana 

Macroinvertebrates 

Amphipod 
Opossum shrimp 
Sand shrimp 

Blue-green 

Gammarus spp. 
Neomysis americana 
Crangon septemspinosa 

Cyanophyta 



Power Generating Point Source Category issued on 8 October 1974 by EPA, 40 CFR 

Part 423. On 16 July 1976, these effluent guidelines and standards were 

remanded to EPA by the Court of Appeals, Fourth Circuit* for failure of EPA to 

satisfy certain statutory standards relating to the promulgation of such ef-

fluent guidelines and standards, including a failure to properly assess the 

costs and benefits of retrofitting closed-cycle cooling on existing plants. As 

a result of this decision, the basis for EPA Region II's effluent limitations 

for such thermal component contained in the Tentative Determinations has been 

rendered inapplicable and the General Counsel of EPA has ruled** that EPA 

Region II must develop effluent limitations for the Bowline Point plant's 

thermal discharge based on its authority under Section 402(a)(1) of the Act. 

On 11 July 1977, a motion was filed on behalf of Orange and Rockland for a 

determination by the Regional Administrator, EPA Region II, of the best avail-

able technology economically achievable (BATEA) under Section 402(a) of the 

Act for certain electric generating stations on the Hudson River, including 

the Bowline Point plant. More specifically, this motion requested the Re-

gional Administrator to establish effluent limitations applicable to the ther-

mal component of the discharge from the Bowline Point plant. The Regional 

Administrator has not responded to this motion. 

In keeping with the EPA Administrator's decision in the Seabrook case,*** 

the EPA General Counsel in his determination that EPA Region II develop 

effluent limitations for the Bowline Point plant's thermal discharge** 

* Appalachian Power Company versus Train, 545 F. 2d 1351 (4th Cir. 1976). 
** Decision of the General Counsel on Matters of Law Pursuant to 40 CFR 

Section 125.36 (m), No. 63 (OGC #63). 
*** Matter of Public Service Company of New Hampshire, Case 76-7, 17 June 

1977, modified 9 November 1977. 
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held that the Regional Administrator must consider the factors set out in Sec

tions 304(b)(1)(B) and 304(b)(2)(B) of the Act. These factors include 

whether the costs of the proposed technology to meet the effluent guidelines 

established under Section 402(a)(1) of the Act are disproportionate to the 

expected benefits. 

As a result of this holding, the relationship of the costs and benfits of the 

technology necessary to meet the effluent limitations ultimately established 

for the Bowline Point plant by the Regional Administrator of EPA Region II are 

relevant to this 316(a) demonstration. Since the practicable technology 

available to meet the present (but invalidated) effluent limitations contained 

in the Tentative Determinations of EPA Region II is closed-cycle cooling 

towers, this demonstration incorporates by reference the cost-benefit analysis 

of cooling tower construction at the Bowline Point plant submitted in Docket 

No. II-C/WP-77-1 of the consolidated adjudicatory hearing for the major Hudson 

River electric generating stations. However, in the event that the Regional 

Administrator subsequently determines that a different technology represents 

BATEA for the Bowline Point plant, Orange and Rockland reserves its right to 

submit a demonstration regarding the costs versus the benefits of such 

technology. 
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1.3 316(a) DEMONSTRATION CONTENT AND SCOPE 

1.3.1 Statement of Purpose 

This report demonstrates, in accordance with Section 316(a) of the Federal 

Water Pollution Control Act Amendments of 1972 (the Act), that the thermal 

component of the cooling water discharge from the Bowline Point Generating 

Station, at present maximum net designed capability, does not interfere with 

the " ... protection and propagation of a balanced, indigenous population of 

shellfish, fish, and wildlife ... " in and on the Hudson River estuary. In so 

doing, this report provides a basis for Orange and Rockland Utilities' request 

for the imposition of a less stringent effluent limitation for tbe Bowline 

Point plant which would allow continued use of the existing once-through cool

ing system such that New York thermal criteria will be maintained. 

1.3.2 Format and Approach 

Although Orange and Rockland's approved 316(a) plan of study and demonstration 

for the Bowline Point plant was prepared on the basis of technical guidance 

recommendations set forth in the 30 September 1974 draft of the "EPA 316(a) 

Technical Guidance Manual" (EPA 1974), this demonstration has been developed, 

for the convenience of the regulatory reviewers, to closely conform to the 

format and information requirements suggested in the 1 May 1977 draft of this 

guidance manual (EPA 1977). Therefore, to the extent possible, this demon

stration responds to EPA's most up-to-date 316(a) technical guidance recom

mendations. 

The contents of this demonstration have been organized so that a single volume 

presents a summary of pertinent information on the hydrothermal analyses of 

the discharge (Chapter 3), and an evaluation of the effects of the discharge 
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on specific biotic (trophic level) categories (Chapter 4) and representative 

important species (Chapter 5). A synthesis of the key facts and evidence 

which demonstrate that continued use of once-through cooling at the Bowline 

Point plant will assure the protection and propagation of the balanced, indig

enous biological community in and on the Hudson River estuary is presented in 

the Master Rationale (Chapter 2). The costs versus benefits of implementing 

and operating a closed-cycle cooling system at the Bowline Point plant are 

addressed in Chapter 6. 

In accordance with the approved 316(a) plan of study and demonstration for the 

Bowline Point plant, this is a Type III demonstration, in that it incorporates 

aspects of both Type I (nonpredictive) and Type II (predictive) demonstrations 

to evaluate the biological effects of the plant's thermal discharge. Specif

ically, assessment of impact of the thermal discharge upon major biotic cate

gories (Chapter 4) is addressed primarily from the standpoint of a Type I ap

proach; i.e., historical near- and far-field biological survey data are pre

sented to demonstrate the absence of prior appreciable harm to the balanced, 

indigenous community. The predictive Type II approach is employed in present

ing species-specific thermal effects and life history data (Chapter 5) to 

demonstrate that the protection and propagation of representative important 

species eRIS) will be assured. 

The concept of the RIS approach is that rather than requesting an applicant 

seeking a 316(a) variance to produce exhaustive data on all organisms that 

occur within the vicinity of a particular discharge or discharges, appropriate 

species are identified which, " ... if protected, will reasonably assure pro

tection of other species at the site II (EPA 1977:p. 35). The RIS approach is 

based upon the biological rationale that the effects of thermal or other 
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stresses on non-RIS species or groups of organisms can generally be inferred 

from the effects, if any, of such stresses on RIS species that have been spe

cifically studied. Species selected as RIS are generally those that are known 

or thought to be important from the standpoint of economic value, role in the 

food-chain, dominance in terms of numerical abundance or wide distribution, 

threatened or endangered status, or thermal sensitivity (EPA 1977:pp. 36-38). 

The overall approach of this 316(a) demonstration, i.e., the presentation of 

both predictive and nonpredictive evaluations of possible biological effects 

resulting from the Bowline Point plant's thermal discharge, is in keeping with 

the assessment that neither general ecosystem field surveys nor RIS laboratory 

studies are sufficient for predictive demonstrations, but that some mixture of 

the two is desirable (Coutant 1970:p. 376; EPA 1977:p. 7). 

1.3.3 Evaluation Criteria 

According to the 1 May 1977 draft of the EPA 316(a) Technical Guidance Manual 

(EPA 1977:pp. 70-71), a 316(a) demonstration will be judged successful if suf

ficient evidence is presented to support the following conclusions: 

1. The balanced, indigenous community, or community components, have not 

sustained any prior appreciable harm. 

2. Receiving water temperatures outside any state established mixing zone 

will not be in excess of the upper temperature limits for survival, 

growth, and reproduction, as applicable, of any representative impor

tant species (RIS) occurring in the receiving water. 

3. A shift toward nuisance species in the receiving water is not likely 

to occur. 
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4. A zone of passage will not be impaired to the extent that it will not 

provide for the normal movement of populations of RIS, dominant spe-

cies of fish, and economically important species of fish, shellfish, 

and wildlife. 

5. There will be no adverse impact on threatened or endangered species. 

6. There will be no destruction of rare or unique habitat. 

7. The planned use of biocides such as chlorine will not result in appre-

ciable harm to the balanced indigenous community. 

These evaluation criteria are used, where applicable, to evaluate the effects 

of the Bowline Point Generating Station's thermal discharge (and other related 

stresses) on the overall well-being of the balanced, indigenous community of 

the Hudson River estuary. The primary emphasis in this demonstration as a 

whole, and the Master Rationale (Chapter 2) in particular, focuses on the 

implications of the first criteria; i.e., development of an "overall picture" 

of the ecosystem as projected by the separate biotic categories rationales 

(Chapter 4) and the predictive thermal effects rationales for RIS (Chapter 5) 

(EPA 1977:p. 52). 

1.3.4 Information Sources* 

During the past decade, studies conducted by numerous research groups (in-

cluding government, university, and private consulting organizations) have 

compiled an extensive data base on the biota of the Hudson River estuary to 

* This subsection includes a brief overview of aquatic studies relating to 
Hudson River power plant operation. A more extensive summary on this 
topic, including the role of specific research organizations, can be 
found in McFadden 1977(pp. 1.12 - 1.30). Further information on the his
tory and scope of studies at the Bowline Point plant is detailed in ORU 
1977(pp. 1.2-1 - 1.2-6 and 1.3-1 - 1.3-7). 
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assess the biological effects of power plant operation. The first of these 

studies, a government-directed research program conducted from 1965 to 1968, 

sampled the estuary from Croton to Coxsackie, milepoints eMF) 35.5-125, to 

evaluate the effects of Consolidated Edison Company of New York's (Con Edison) 

proposed Cornwall pumped-storage generating facility eMF 56.5) on striped bass 

and other major fish species. 

Studies were subsequently expanded in the early 1970s to respond to concerns 

relating to the biological effects of the operation of Con Edison's Indian 

Point Generating Station and other steam-electric power plants operating or 

coming online in the mid-Hudson area (Table 1.3-1). To gather the information 

necessary to evaluate the effects of power plant operation on fishery re

sources of the Hudson River estuary, Con Edison began a comprehensive study 

program in 1973 to define the distribution and abundance of various life 

stages of Hudson River fish species from the George Washington Bridge (MF 12) 

to the Troy Dam eMF 152). As a result of interest relating to the operational 

effects of Orange and Rockland's Bowline Point Generating Station and Central 

Hudson Gas & Electric Corporation's Roseton and Danskammer Point Generating 

Stations, these utilities began joint participation in this sampling program 

with Con Edison in 1974. To date, this program, which has become known as the 

Multiplant Impact Study, has been ongoing for a period of 5 years and is 

scheduled for continuation in 1978. 

In addition to the total system approach of the Multiplant Impact Study, the 

Hudson River utilities have conducted intensive site-specific (near-field) 

studies in the area of each power plant. In the vicinity of the Bowline Point 

and Indian Point plants (i.e., MP 35-43) biological surveys to define the lo

cal distribution, abundance, and species composition of various trophic lev-
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TABLE 1.3-1 CHARACTERISTICS AND DATE OF COMMERCIAL OPERATION OF POWER PLANTS LOCATED ON THE 
HUDSON RIVER ESTUARy(a) 

Power Plant 
(Owner) 

Albany Steam Station 
(Niagara Mohawk 
Power Corp.) 

Danskamroer Point 
(Ct:ntral Hudson Gas 
and Electric Corp.) 

Roseton 
(Central /ludson Gas 
and Electric Corp.)(c) 

Indian Point 
(C(JOsoUdated Edison 
Company of New York, 
Jnc. ) 

Lovett 
(Ol'ange and Rockland 
Utili ties, Jnc.) 

Bowl! ne Point 
(Orange and Rockland 
UtUaies, Inc.)<'1> 

59th Street 
(Consolidated Edison 
Company of New York, 
Inc. ) 

Type of 
Power 
Plant 

Fossil 
fuel 

Fossil 
fuel 

Fossil 
fuel 

Nuclear(d) 

Fossil 
fuel 

Fossil 
fuel 

Fossil 
fuel 

Location 
(River Mile) 

1
"
2.0 

West bank 

66.5 
West hank 

66.0 
West bank 

43.0 
East bank 

42.0 
West bank 

37.5 
West bank 

5.0 
East bank 

~dapted from McFadden 1977 (p. 27.1). 
(b) Based on rating as of 24 April 1977. 

Generating 
Unit No. 

1 
2 
3 
4 

Total 

1 
2 
3 
4 

Total 

1 
2 

Total 

1 
2 
3(h) 

Total 

1 
2 
3 
4 
5 

Total 

1 
2 

Total 

Total of 
7 units 

Gross 
Rated 

Capacity 
(MWe) 

100 
100 
100 
100 
400 

"1 
69 

127 
2"3 
"80(b) 

624 
624 

1,248 

285 
906 

1,000 
2 ,191 

19 
20 
68 

187 
202 
496 

622 
622 

1,244 

132 

(c) Roseton powel' plant is also partially owned by Con Edison 
and Niagara Mohawk. 

(d) Indian Point Unit 1 requires both fossil and nuclear fuels. 
(e) Inoluding service water. 

Note: NA indicates not applicable 

Cooling 
Water 
Flow 

(gal min-l) 

88,000 
88,000 
88,000 
88,000 

352,000 

42,000 
"2,000 
82,000 

150,000 
316,000 

320,500 
320,500 
641,000 

318,ooo(e) 
870,ooo(e) 
870,ooo(e) 

2,058,OOO(e) 

25,200 
25,200 
42,000 

104,000 
120,000 
316,000 

384,ooo(e) 
384,ooo(e) 
768,ooo(e) 

168,000 

Plant 
Temperature 

Rise 
(F) 

10.3 
10.3 
10.3 
10.3 
10.3 

17 .0 
17 .0 
17 .0 
17.0 
17 .0 

17 .8 
17 .8 
17.8 

(f) 

15.8 
17 .1 
16.5 

13.2 

17.0 
14.0 

NA 

AT=1".9 
AT:14.9 

NA 

6.7(k) 

Waste 
/leat 

(BB day-I) 

10.9 
10.9 
10.9 
10.9 
43.6 

8.6 
8.6 

16.7 
30.6 
64.5 

68.6 
68.6 

137.2 

(f) 

156 
173 
329 

14.7 

21.3 
20.2 
57 .O( 1) 

62.0 
62.0 

124.0 

8.3(k) 

Type of 
Discharge 

Structural 

Surface dischal'ge 
common to all 
generating units 

Surface discharge 

Submerged diffuser 
common to both 
units 

Submerged near
surface discharge 
common to all units 

Surface discharge 
common to Units 1-3 

Submerged near-surface 
Submerged near-surface 

Submerged diffuser 
Submerged diffuser 

Surface discharge 

Date of 
Commercial 
Operation 

11/16/52 
12/14/52 
10/01/53 
09110154 

12/31/51 
09/14/51, 

10/15/59 
09/15/67 

12/7
" 09174 

09/30/62 
lO/73(g) 

08/30176 

02/06/49 
07/12/51 
03/01/55 
05/15/66 
01'/27/69 

09108172 
05/1317" 

1918 

(f) Indian Point Unit was taken out of commercial operation on 
31 October, 1974. 

(g) Indian Point Unit 3 did not begin full load commercial operation 
until June 197". 

(h) On 30 December 19·(5 ownership of Indian Point Unit 3 was transferred 
from Con Edison to the Power Authority of the State of New York (PASNY). 

(i) Including waste heat in service water (7,000 gpm). 
(j) Bowline Point power plant is also partially owned by Can Edison. 
(k) Some units at 59th Street supply steam to Manhattan. According 

to this supply, the heat load and plant temperature rise may vary. 



els--including phytoplankton, macrophytes, zooplankton, benthos, and fish life 

stages--have been conducted since 1970, thus providing, to date, a data base 

that consists of 2.5 years of preoperational data, 1.5 years of data collected 

during single-unit operation and 4 years of two-unit postoperational data. 

Near-field effects of the Bowline Point plant can be evaluated from such data 

on the basis of pre- and post-operational comparisons; the availability of 

concurrent near-field and long-river survey data also permits an assessment of 

possible plant effects through comparisons of the biota within and outside the 

area of the river directly influenced by the plant. 

Near-plant studies supported by the Hudson River utilities, have also been 

directed toward examining the impact of specific plant operational effects. 

These studies have included the collection and evaluation of data pertaining 

to the impingement (entrapment) of organisms on power plant intake screens, 

entrainment (i.e., passage of organisms through plant condenser cooling sys

tems), hydrothermal analyses of plant discharge plumes, and laboratory exper

iments designed to assess the effects of exposure of organisms to elevated 

temperatures caused by plant cooling water discharges. As a result of these 

studies, the number and survival rates of organisms impinged and entrained 

has been determined for various plants. Additionally, the characteristics 

of plant thermal plumes have been defined in light of specific state thermal 

criteria, and thermal effects data for representative important species (RIS) 

have been obtained that can be used to predict the results of exposure of 

various life stages of these species to elevated plume temperatures. 

The above studies have resulted in several reports which have been referred 

to in preparation of this document. Principal among these are the following: 
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1. "Bowline Point Generating Station Near-Field Effects of Once-Through 
Cooling System Operation on Hudson River Biota," referred to as ORU 
(1977) or Exhibit 7 in the 316(b) proceeding. 

2. "Influence of Indian Point Unit 2 and Other Steam Electric Generating 
Plants on the Hudson River Estuary, With Emphasis on Striped Bass and 
Other Fish Populations," submitted originally by Con Edison to the 
Nuclear Regulatory Commission (NRC) in February 1977; referred to as 
McFadden (1977) or Exhibit 4 in the 316(b) proceeding. 

3. Supplement I to the above report, referred to as McFadden and Lawler 
(1977) or Exhibit 3 in the 316(b) proceeding. 

4. "Survival of Entrained Ichthyoplankton and Macroinvertebrates at 
Hudson River Power Plants," referred to as EA (1977a) or Exhibit 11 
in the 316(b) proceeding. 

5. "The Effects of Intakes and Associated Cooling Water Systems on Phyto
plankton and Aquatic Invertebrates of the Hudson River," referred to 
as EA (1977b) or Exhibit 13 in the 316(b) proceeding. 

6. "Bowline Point Generating Station Hydrothermal Analysis," referred 
to as LMS (1978). This report details information on the temperature 
distribution in the Hudson River estuary as it is affected by the op
eration of the Bowline Point plant. Analyses presented are based upon 
field measurements, mathematical and hydraulic model studies conducted 
by Lawler, Matusky and Skelly Engineers, and are considered in rela
tionship to New York State thermal criteria. Descriptions of the 
plant's effect on dissolved oxygen in the river and the effects of 
chlorination to reduce condenser biofouling are also given. 

7. "Thermal Effects Literature Review for Hudson River Representative 
Important Species," referred to as EA (1978a). This report provides 
a current review of the existing thermal effects literature for Hudson 
River RIS. Thermal effects information based on research conducted on 
Hudson River fish and invertebrate species by New York University Med
ical Center from 1971 to 1975 and Texas Instruments from 1972 to 1974 
is presented, as it applies to specific RIS. The results of thermal 
effects studies conducted on these same RIS originating from other 
aquatic systems and geographical areas are summarized. 

8. "Hudson River Thermal Effects Studies for Representative Species, 
Final Report," referred to as EA (1978b). This report presents the 
results and conclusions of recent laboratory thermal effects studies 
performed on Hudson River fish and macroinvertebrates by Ecological 
Analysts during 1976 and 1977. 

In addition, documents relating to the cost-benefit analysis of natural draft 

cooling towers at the Bowline Point plant and other Hudson River steam-electric 
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generating stations are available for review in conjunction with this demon-

stration. These documents include: 

1. "Bowline Point Generating Station: Engineering, Environmental (Non
Biological), and Economic Aspects of a Closed-Cycle Cooling System," 
Exhibit 23 in the 316(b) proceeding. 

2. "Report on Cost-Benefit Analysis of Operation of Hudson River Steam
Electric Units with Once-Through and Closed-Cycle Cooling Systems," 
Exhibit 28 in the 316(b) proceeding. 
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1.4 INTERRELATIONSHIPS OF 316(a) and 316(b) 

Section 316 of the Federal Water Pollution Control Act Ammendments (the Act) 

includes consideration of environmental effects caused by power plant cooling 

water intake structures C316[b]), in addition to effects caused by thermal 

discharges (316[a]). Insofar as 316(~) demonstrations are concerned, the 

1 May 1977 draft of the EPA 316(a) Technical Guidance Manual (EPA 1977) clearly 

indicates that an evaluation of thermal discharge effects should take into 

account the effects of other relevant sources of stress acting upon the indig-

enous population. As stated on pages 38 and 74 of the guidance manual, 

respectively: 

The impact of additive or synergistic effects of heat combined with 
other existing thermal or other pollutants in the receiving waters 
should also be considered. 

* * * 
In order to determine the indigenous population which will be subject 
to a thermal discharge under an alternative 316(a) effluent limitation, 
it is necessary to account for all non thermal impacts on the population 
such as industrial pollution, commercial fishing, and the entrapment 
and entrainment effects of any withdrawal of cooling water through 
intake structures under the alternative 316(a) effluent limitation. 

Thus, the implication is that a 316(a) determination should not be made 

independent of an evaluation of 316(b) issues. The interdependence of 316(a) 

and 316(b) is further pointed out and supported in the EPA Administrator's 

decision involving the Seabrook Nuclear Power Plant* (page 13): 

* Matter of Public Service Company of New Hampshire, Case 76-7, 17 June 
1977, modified 9 November 1977. 
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... the applicant must persuade the RA (Regional Administrator) that the 
incremental effects of the thermal discharge will not cause the aggre
gate of all relevant stresses (including entrainment and entrapment by 
the intake structure) to exceed the 316(a) threshold .... When Congress has 
so clearly set the requirement that the discharge not interfere with a 
balanced, indigenous population, it would be wrong for the Agency to put 
blinders on and ignore the effect of the intake in determining whether 
the discharge would comply with that requirement. 

The studies described in Subsection 1.3.4 provide information directed toward 

an evaluation of plant intake effects (i.e., entrainment and impingement), 

thermal discharge effects, and other relevant sources of stress. Specifically, 

as stated in ORU 1977 (p. 1.2-6): 

... much of the information reported here is applicable in evaluating 
thermal discharges. Actually, the analytical techniques used herein 
may not discriminate which of these factors (cropping or heat discharge) 
is actually causing any effect discerned to be of plant origin, so that 
any effect seen may be characterized as due to cropping, whereas in 
reality, it may be due to the heated water discharge. 

In actuality, the analyses of general biological field-survey data, which are 

addressed in the 316(b) reports from the standpoint of pre- and post-opera-

tional and near-field versus far-field comparisons, examine the aggregate 

effects of the entire cooling water system. In other words, general field-

survey data are useful in identifying possible effects on the biota that may 

be due to power plant operation, that is, changes in the biota which occurred 

after a power plant came online, or differences in the biota between that 

portion of the river in the immediate vicinity of the plant and similar river 

areas not directly influenced by the plant. However, such field data reflect 

the combined effect of all plant stresses and not the effects of individual 

stresses (i.e., entrainment, impingement, discharge heat, and chemical 

treatments). 
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Moreover, field survey data, as well as plant entrainment and impingement 

study data used in analyses presented in the Bowline Point plant 316(b) rep

orts and related 316(b) long-river exhibits, were collected in the presence of 

all other sources of stress acting upon the ecosystem at the time. In this 

respect, the additive or possible synergistic effects of multiplant operation 

and other stresses are taken into consideration. Data collected after Decem

ber 1974 were gathered, in fact, during a period when all power plants cur

rently operating on the Hudson River estuary were online, with the exception 

of Indian Point Generating Station Unit 3 (see Subsection 1.3.4.1, Table 1.3-1). 

Therefore, estimates of the number and survival of organisms entrapped on or 

entrained through plant intake structures, as determined from plant intake or 

intake-discharge sampling, includes the influence of other stresses which may 

affect the susceptibility of organisms to intake mortality. 

In like manner, postoperational data based on near-field biological surveys 

are influenced not only by the combined stresses of the power plant on the 

biota at the time of sampling, but by other "background" stresses acting upon 

that same community. Thus, if no differences in the near-field indigenous 

community are discernable from analyses of pre- and post-operational, and 

near-field versus far-field survey data, the implication is that the aggregate 

of all stresses associated with a given power plant, including possible inter

actions with other sources of stress existing within the waterbody, is not 

having a detectable or appreciable impact upon that community. 

The interrelationships between this 316(a) demonstration, the Bowline Point 

plant 316(a) reports, and related exhibits and reference documents in pro

viding total perspective to the overall Section 316 case is shown in Figure 

1.4-1. Although, certain of the analyses presented in the 316(b) demonstra-
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tion apply principally to intake effects, other analyses, as has been pointed 

out, apply more broadly to the effects of the discharge as well. These latter 

analyses provide valuable supportive information to the 316(a) case for the 

Bowline Point plant. In view of this, it will be noted that information pre

sented in Chapter 4 (Biotic Category Rationales) of the present 316(a) demon

stration has been synthesized largely from information presented in the biotic 

category chapters (i.e., Chapters 6-10) of the 316(b) demonstration. 

In addition, this 316(a) demonstration provides evidence specific to an evalu

ation of thermal effects (Chapter 5) which has been drawn primarily from sup

port documents that present the results of laboratory thermal effects studies 

on selected fish and aquatic invertebrates designated by EPA Region II as 

representative important species (RIS) for various Hudson River power plants. 

The 316(a) and 316(b) demonstrations both interrelate with the 316(b) long

river report exhibits (Figure 1.4-1) to portray the influence of the operation 

of the Bowline Point plant on the aquatic biota of the Hudson River estuary 

in relation to other power plant stresses which apply to this system. 
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CHAPTER 2: MASTER RATIONALE 

2.1 REQUEST FOR LESS STRINGENT EFFLUENT LIMITATIONS FOR THE BOWLINE POINT 
GENERATING STATION 

Based on the evaluation criteria and information summarized below, it is dem-

onstrated, in compliance with Section 316(a) of the Federal Water Pollution 

Control Act Amendments, that the thermal component of the cooling water dis-

charge from the Bowline Point Generating Station, at present maximum net de-

signed capability, will not interfere with the " ... protection and propagation 

of a balanced, indigenous population of shellfish, fish, and wildlife ••. " in 

and on the Hudson River estuary. The absence of prior appreciable harm to the 

aquatic organisms in the vicinity of Bowline Point has been shown, and evi-

dence presented which clearly indicates that the protection and propagation of 

RIS--and, therefore, other species at the site--will be assured. Consequently, 

the substantial costs required to install and operate a closed-cycle cooling 

system at the Bowline Point plant (capital costs of $77,820,000 and annual 

levelized operating and owning costs of $21,959,753) would be wholly dispro-

portionate to the benefits to be achieved from the resulting insignificant 

reductions in the effects of the thermal discharge. On these grounds, Orange 

and Rockland Utilities, Inc. requests that the Bowline Point plant be granted 

less stringent effluent limitations that would allow continued use of the 

existing once-through cooling system with no restrictions on the discharge 

of heat. 
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2.2 SUMMARY OF EVIDENCE 

The information presented in this document demonstrates that the cooling water 

discharge from the Bowline Point Generating Station assures the protection and 

propagation of the "balanced indigenous community" of the Hudson River estu

ary. No appreciable harm to the biological communities within this receiving 

waterbody has resulted from past operation of the Bowline Point plant, nor is 

any expected in the future. These conclusions result from a number of charac

terizations and analyses, considered individually and collectively. First, 

no appreciable harm would be expected based on (1) the natural characteristics 

of the biological community within the Hudson River estuary, and especially 

the distribution of its component organisms in time and space (2) the hydro

thermal characteristics of the plant discharge, and (3) the experimentally de

termined organism responses to, and tolerance of, thermal exposure. Second, 

no appreciable harm from the Bowline Point discharge has in fact been observed 

during years of study based on (1) comparison of community structure and/or 

organism abundances during preoperational (1970-1972) and postoperational 

(1973-1976) years; or between near- and far-field areas, and (2) examination of 

the long-term historical composition of the Hudson River fish community. All 

of these areas of evidence are thoroughly described in Chapters 3, 4, and 5 

and are interrelated in Chapters 4 and 5 to provide the rationales for con

cluding that no appreciable harm to major biotic categories or Representative 

Important Species (RIS) will occur as a result of the Bowline Point plant's 

thermal discharge. The following subsections summarize the main findings 

which support the conclusion that the "balanced indigenous community" of the 

Hudson River will be protected. 
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2.2.1 Characteristics of the Hudson River Biological Community 

The dynamic nature of the Hudson River biological community is, in itself, an 

important factor contributing to the absence of appreciable harm. Spatial and 

temporal trends in the distribution, abundance, and species composition of the 

various aquatic community components within the Hudson River estuary are asso

ciated with natural environmental factors, such as temperature and salinity. 

The variation in salinity along the length of the estuary produces several 

different physicochemical enviroments and results in a changing community 

composition. The upper portion of the estuary (above MP 70) generally remains 

salt-free throughout the year and is, therefore, characterized by a freshwater 

assemblage of organisms. However, salinity in the lower portion of the estu

ary varies primarily as a function of freshwater flow, and the assemblage of 

organisms varies from one dominated by marine species to one comprised solely 

of freshwater forms, depending on time of year and longitudinal position in 

the estuary. The large seasonal variations in salinity in the middle portion 

of the estuary, including the Bowline Point vicinity, results in the presence 

of not one, but several "balanced indigenous communities" during various times 

of the year. However, normal seasonal trends in salinity and other environ

mental factors (e.g., temperature) results in some consistency (and there

fore predictability) in the seasonal community structure at Bowline Point. 

Species composition and relative abundance of various biotic categories with

in the Hudson River estuary are extensively discussed in ORU (1977 Coapters 

4-10), McFadden (1977:Subsection 2.2.9; Sections 3.8, 4.2, and 5.6), and are 

summarized in Chapter 4 of this demonstration. 

The naturally occurring seasonal shifts in species assemblages in the estuary 

reduces the potential for appreciable harm from operation of the Bowline Point 
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plant, since no single assemblage is exposed continuously to plant influence. 

Furthermore, the "balanced indigenous community" of the Hudson River is 

clearly very resilient since the pattern of dominant species assemblages are 

normally maintained from year to year in spite of dynamic natural seasonal 

cycles. 

The specific temporal and spatial distributions of RIS contribute to the ab

sence of appreciable harm. For many species, the potential for interaction 

with the thermal discharge from the plant is restricted in time, or completely 

eliminated by life history considerations. The primary spawning grounds of 

most important resident and anadromous fishes occur upstream or downstream 

from the Bowline Point plant, and as a result, depending on species, the po

tential for impact on spawning adults, eggs, and larvae is reduced or elimi

nated. Some species of fish prefer the deeper offshore zones of the estuary 

(e.g., shortnose sturgeon, Atlantic tomcod) and their involvement with the 

Bowline Point plume, which is predominantly surface oriented, is therefore 

negligible. Others do occupy shallow, shoal areas on a seasonal basis, but 

migrate during the late fall into deeper waters or downstream into the lower 

estuary or coastal water, thereby minimizing the potential for cold shock in 

the event of a total plant shutdown in winter. In addition, the egg and lar

val stages of most species are normally not present in midsummer when plume 

temperatures are at their highest. 

2.2.2 Hydrothermal Characteristics of the Bowline Point Discharge 

The combination of an offshore location and high velocity diffuser design for 

the Bowline Point plant's cooling water discharge structure achieves plume 

temperature conditions with little, if any, potential for adverse effects on 

aquatic life. Because of high initial dilution rates, the plume temperatures 
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drop rapidly to within 2.4-4.3 C (4.3-7.7 F) of ambient within 5-10 seconds of 

the discharge port. Consequently, by the time the plume floats to the surface 

30-60 ft from the discharge ports, considerable temperature decay has already 

occurred. 

Surveys of the plume under varying tidal phases and seasonal and plant opera

tional conditions have shown that in most cases the warmer plume temperatures 

are confined to the immediate vicinity of the discharge. The maximum percen

tages of river cross-sectional area and surface width within the 2.2 C (4 F) 

isotherm, based on field thermal survey measurements, were 5.5 and 7.9 per

cent, respectively. Therefore, more than 90 percent of the river cross sec

tion and surface width remain available as safe zones of passage as defined by 

the New York State thermal criteria even during plant operation approaching 

maximum capacity. Near shore shoal areas are seldom exposed to plume tempera

tures more than 0.6-1.1 C (1-2 F), and then only intermittently depending on 

tidal stage. 

In addition, the thermal discharge from the Bowline Point plant has little 

effect on the far-field thermal regime, i.e., river temperatures outside of 

the immediate area of the thermal plume. Based on mathematical model results 

under unlikely severe summer conditions, a river cross-sectional, tidal

average temperature rise at Bowline Point (MF 37.5) of 0.2 C (0.4 F) was pre

dicted to occur as a result of full-capacity operation of Bowline Point Units 

1-2 (Subsection 3.3.2). The cross-sectional, tidal-average temperature rise 

at Bowline Point predicted for the combined thermal discharge from Bowline 

Point Units 1-2 and four other generating stations located in the mid-Hudson 

area (Lovett Units 1-5, Indian Point Units 1-3, Roseton Units 1-2, and Dans

kammer Units 1-4), assuming full-capacity operation for all units, was 0.9 C 
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(1.6 F). These low-level temperature increases are not expected to be 

biologically significant. 

2.2.3 Thermal Requirements for Representative Important Species 

The responses and tolerances of RIS to thermal exposure have been extensively 

studied at laboratories on the Hudson River. The results indicate that the 

thermal exposures produced by the Bowline Point plant discharge will not re

sult in adverse effects on aquatic life. 

Studies on entrainment simulation, upper thermal tolerance, 'lower thermal 

tolerance, hatching success and growth, and thermal preference indicate that: 

1. Juvenile and adult life stages of RIS are capable of tolerating the 

maximum plume temperatures (4.3 C (7.7 F] above ambient) to which 

they would normally be exposed at the Bowline Point plant. 

2. The results of cold shock experiments indicate that all of the RIS 

are capable of tolerating temperature drops greater than that which 

would be sustained in the event of a plant shutdown. 

3. The RIS susceptible to plume entrainment (fish eggs and larvae, adult 

invertebrate zooplankton) have shown considerable tolerance to heat 

shock and would be expected to survive the short-term exposures to 

maximum discharge temperatures. 

4. Temperature ranges for normal hatching success and growth of all of 

the RIS which might be exposed to the Bowline Point plume will not be 

exceeded as a result of the plant's thermal discharge. 
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2.2.4 No Prior Appreciable Harm 

The thermal discharge and other facets of the operation of the Bowline Point 

plant (e.g., entrainment, impingement, chlorine discharges) have caused no 

prior appreciable harm to the balanced indigenous community of the Hudson 

River estuary. This conclusion is based on the absence of significant change 

in community composition and abundance between near- and far-field areas, and 

pre- and post-operational years, as indicated by field survey data collected 

in the Bowline Point area between 1970 and 1976. In addition, the river-wide 

composition of major fish species has not changed dramatically between 1936 

and recent years (Subsection 4.6.3.2). 

The survey data from which these conclusions were drawn were collected in the 

presence of all sources of stress acting upon the ecosystem at the time. Con

sequently, the additive or possible synergistic effects of multi-plant opera

tion or other stresses are taken into consideration. Field data collected 

after December 1974, in fact, were gathered during a period when all power 

plants currently operating on the Hudson River estuary were online, with the 

exception of Indian Point Generating Station Unit 3. Thus, it has been demon

strated that the aggregate of all stresses associated with the cooling water 

system of the Bowline Point plant (i.e., intake as well as discharge effects), 

and other sources of stress existing within the receiving water system, is not 

having an appreciable impact upon the near-field and far-field indigenous, 

biological communities. 
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2.2.5 Evaluation Criteria 

This demonstration addresses the evaluation criteria upon which a 316(a) de

termination is based (Subsection 1.3.3) and provides sufficient evidence to 

show that: 

1. The biological community of the Hudson River will not be appreciably 

harmed by the thermal discharge of the Bowline Point plant. Evidence 

which shows the lack of prior appreciable harm for all biotic catego

ries and the lack of predicted appreciable harm for the RIS is summa

rized above (Subsections 2.2.1 - 2.2.4) and presented in detail in 

Chapters 4 and 5, respectively. 

2. Temperature requirements for survival, growth, and reproduction of RIS 

occurring in the receiving waters will not be exceeded as a result of 

the thermal discharge from the Bowline Point plant. Hydrothermal, 

life history, and thermal effects information, summarized in Subsec

tions 2.2.1 - 2.2.3, is considered collectively in Chapter 5 and shows 

that temperature requirements of RIS likely to encounter the plume 

will be met by the design of the Bowline Point plant discharge. 

3. No significant change in community structure resulting in increased 

abundance of organisms which might be considered a nuisance has been 

caused by the Bowline Point thermal discharge. Evidence presented in 

the biotic category rationales (Chapter 4) indicates that no trends in 

the abundance of blue-green algae has occurred beyond normal year-to

year variability. 

4. Evidence presented in Chapter 3 and summarized in Subsection 2.2.2 

demonstrates that a safe zone of passage (as defined by the New York 

State thermal criteria) equal to more than 90 percent of the river 
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cross-sectional area at Bowline Point will be assured. Chapter 4 

presents evidence that no prior appreciable harm (see Subsection 

2.2.4) has occurred to the RIS, implying that normal spawning migra

tions and movements of the organisms have not been blocked or 

interrupted. 

5. The only threatened or endangered species present in the vicinity of 

the Bo~line Point plant is the shortnose sturgeon (Acipenser 

brevirostrum). The life history of this species has been reviewed in 

Subsection 5.3.4.7. Although no thermal effects data are available, 

the distribution of this species, as indicated in Subsection 2.2.1, 

makes involvement with the thermal discharge of the Bowline Point 

plant unlikely. 

6. There will be no destruction of rare or unique habitat. There are no 

rare or unique habitats within the influence of thermal plume created 

by the Bowline Point plant's cooling water discharge. Marshland 

present in the area is contacted only intermittently by plume tempera

tures less than 0.6-1.1 C (1-2 F) above ambient. Thus, no destruction 

of such habitat will occur. 

7. The planned use of biocides, such as chlorine, will not result in ap

preciable harm to the balanced indigenous community. Due to the low 

levels of organic growth in the condensers which have occurred in the 

past, cooling water at each unit of the Bowline Point plant is chlori

nated separately for 30 minutes, three times a week, only during per

iods when river temperatures exceed 10 C (50 F). Based on this fre

quency, approximately 115 lb. per week of free residual chlorine are 

discharged into the river during the chlorination period to achieve 

an average free residual chlorine concentration of 0.2 mg/liter 
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at the outlet of the condenser. Recent studies reported in the liter

ature (Subsection 3.3.3.2) indicate that the low-level residual chlo

rine concentrations in the receiving water at Bowline Point, resulting 

from intermittent chlorination to control biofouling, are well within 

expected safe levels for aquatic organisms and will not have any ap

preciable effect on the biota of the Hudson River estuary. 
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CHAPTER 3: ENGINEERING AND HYDROTHERMAL DATA 

This chapter describes the principal physicochemical characteristics of the 

receiving water system in the vicinity of the Bowline Point Generating Station 

(Section 3.1), engineering data relating to the design and operation of the 

plant's cooling water system (Section 3.2), and the effects of the cooling 

water discharge upon the temperature, hydrology, and water chemistry of the 

receiving water (Section 3.3). Certain of the results derived in the hydro

thermal analyses of the discharge that have important implications with re

spect to the interpretation of biological data, or the prediction of biolog

ical effects, are summarized in Section 3.4. 

The material presented herein has been selected on the basis of its relevancy 

to a 316(a) demonstration and is the primary information considered in eval

uating the effects of the plant's thermal discharge on the biota of the lower 

Hudson River estuary (Chapters 4 and 5). Certain portions of this chapter 

have been drawn in whole or in part from the report entitled "Bowline Point 

Generating Station Hydrothermal Analysis" (LMS 1978), which presents more de

tailed information on the effects of the Bowline Point plant's cooling water 

discharge on the temperature distribution in the Hudson River estuary. Addi

tional descriptions of engineering and operational features of the Bowline 

Point plant are presented in ORU (1977:Chapter 2), and comprehensive informa

tion on the physical, chemical, and hydrological characteristics of the Hudson 

River estuary may be found in Texas Instruments (1976), McFadden (1977:Chap

ter 2), and ORU (1977:Chapter 3). 
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3.1 PLANT LOCATION AND CHARACTERISTICS OF THE RECEIVING WATER* 

3.1.1 Plant Locale and River Morphometry 

The Bowline Point plant is located on the west bank of the Hudson River estu-

ary (at milepoint [MP] 37.5) in the Town and Village of Haverstraw, New York. 

The river in the vicinity of Bowline Point is relatively shallow and wide 

(Figures 3.1-1 and 3.1-2); in fact, the river reaches its widest expanse in 

this area (i.e., approximately 18,000 ft, or 3.4 mi). Mean depth ih the river 

cross section at Bowline Point is about 18 ft at mean low water (MLW), and the 

greatest depth in the area (31 ft MLW) occurs within the shipping channel 10-

cated near the west shore. The area of the river east of the shipping channel 

to the east shoreline is characterized by the extensive shallow areas of Haver-

straw Bay. 

The river narrows and deepens north of Bowline Point; 3 mi upstream near Ver-

plank, the river is approximately 3,500 ft wide and up to 70 ft (MLW) deep. 

South of Bowline Point the river remains wide and shallow until south of Pier-

mont Pier (MP 25) where the cross section again becomes narrow and deep (Fig-

ure 3.1-2). However, just below Croton Point, 3.2 mi south of Bowline Point, 

the deeper channel waters switch from the west to the east shore, and from 

this point downstream to Piermont Pier the extensive shallow areas of Tappan 

Zee are found on the west shore. 

The river bottom substrate in the vicinity of Bowline Point, as determined 

during both low and high flow periods, is predominantly silt. 

* Material in this section, unless otherwise referenced, is summarized from 
Orange and Rockland Utilities, Inc. (1977:Chapter 3, River Physics and 
Chemistry). 
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Figure 3.1-1. Hudson River estuary in the vicinity of the Bowline Point 
Generating Station (adapted from McFadden 1977:p. 2.6'. 
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3.1.2 River Hydrology 

3.1.2.1 Freshwater Flow 

Freshwater inflow into the Hudson River estuary provides a net downstream 

movement of water in the estuary. Freshwater flow within the estuary is 

quantitatively determined primarily from flow entering the lower river at 

the Troy Dam eMF 152), as measured at the USGS gaging station at Green Island. 

Because there are no gaging stations south of Green Island, the freshwater 

flow of the estuary is taken as the flow measured at Green Island and cor

rected to account for tributaries that enter the estuary between Green Island 

and Wappinger Creek (MP 67). The freshwater flow cycle follows a typical sea

sonal runoff pattern, with maximum flows occurring predominantly during the 

spring months (March, April, and May) and the period of low freshwater flows 

usually beginning in June and /continuing until November; regulated releases 

from Sacandaga Reservoir are used to maintain the freshwater flow at Green 

Island at 3,000 cfs even during drought conditions. The long-term (1918-1975) 

annual freshwater flow at Green Island is 13,268 cfs corresponding to a fresh

water flow in the estuary downstream of Wappinger Creek of 19,010 cfs. 

During the 1960s, the entire northeastern region of the United States experi

enced a severe drought period characterized by extremely low freshwater flows. 

The most severe drought in the Hudson River was observed during June-November 

1964. Throughout this period, mean monthly flows in the Hudson River varied 

within a small range and averaged approximately 3,500 cfs. 

Record floods within the Hudson River have occurred infrequently. Peak flows 

at Green Island during the last significant floods were: 215,000 crs in 1936; 

183,000 cfs in 1938; 181,000 efs in 1948; and 135,000 cfs in 1960. However, 
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such flood flows are of importance only in the uppermost portions of the estu

ary. Flood waves enter the relatively small channel below the Troy Dam and 

"push" the tide back downstream. Within a few miles downstream, the opposing 

forces of the flood and tide waves result in a damping effect on the flood 

wave and a flattening of the slope of the flood profile. Throughout the re

mainder of the estuary, tide and wind effects are the predominant causes of 

high water levels (Darmer 1969:pp. 40-45). 

In recent years (1971-1976), the Hudson River has experienced a wet period 

during which monthly average freshwater flows have generally been higher than 

their long-term counterparts (Table 3.1-1). Seasonal patterns during these 

years have been characterized by mild wet winters with average flows, normal 

to slightly above average flows in the spring, and wet summers and autumns 

with above average flows. 

3.1.2.2 Tidal Flow 

The entire Hudson River estuary from New York Harbor to the Troy Dam (MP 152) 

is subject to tidal influence. However, moving upstream the mean tidal ampli

tude diminishes from about 4.4 ft at the Battery in New York City to a minimum 

of about 2.6 ft near Storm King Mountain (MP 56) and then increases again to 

its maximum of 4.7 ft at Troy. This condition results from a reflection of 

the tidal wave at the upstream end of a narrow, deep portion of the river 

channel. The same longitudinal pattern exists for amplitude extremes, mean 

tide level, and mean high water level (Figure 3.1-3). The mean tidal flow 

also varies along the estuary, decreasing from a maximum of 425,000 cfs at the 

Battery to zero at the Troy Dam. Near Bowline Point the average tidal flow is 

about 150,000 cfs; the average ebb current velocity is 1.44 fps, and the aver

age flood current velocity is 0.96 fps (L~S 1978:p. 3-2). Mean tidal flow 
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Month 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

MEAN 

TABLE 3.1-1 MONTHLY AVERAGE FRESHWATER FLOWS (cfs) FOR THE 
HUDSON RIVER ESTUARY* 

1918-1975 
Long-Term 

Average 
Flows(a) 1971 1972 1973 1974 1975 

12,833 9,002 13,410 26,210 22,010 19,070 

12,199 12,110 10,930 20,460 18,640 19,370 

22,190 20,220 26,260 29,410 20,730 23,680 

31,060 37,270 37,960 30,960 30,170 25,580 

19,028 35,240 40,520(d) 27,600 22,960 20,000 

9,684 7,334 29,630(c) 13,050 8,791 12,970 

6,900 6,233 18,380(d) 10,390 11,780 7,464 

5,446 8,929 7,616 5,591 6,359 8,966 

6,231 9,315 6,309 4,791 10,390 17,030(d) 

7,712 1,811 7,291 5,650 9,049 23,360(d) 

12,200 7,291 26,150(d) 8,280 17,180 22,420 

13,771 17 ,000 27,01Q(d) 26,420 19,380 18,647 

13,268 14,830 20,956 19,278 16,715 18,116 

1976(b) 

14,772 

31 , 105 (c) 

31,601 

36,727 

31,781 

15,209 

15,237 

14,589(C) 

9,534 

23,002 

17,692 

13,918 

21,233 

(a) Based on freshwater flows recorded at the USGS gaging station at 
Green Island from 1947 to 1975, and on flows recorded for the upper 
Hudson River at Mechanicsville and Mohawk River at Cohoes from 1918 
to 1946. 

(b) Preliminary data. 
(c) Highest recorded monthly average flow since 1918. 
Cd) Second highest monthly average flow since 1918. 

*Note: Adapted from ORU 1977:Table 3.1-2. 
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values are affected by freshwater flow, particularly in the upstream reaches 

of the estuary. High f~eshwater flows gene~ally decrease tidal velocities and 

flows during flood tides and increase tidal velocities and flows during ebb 

tides. 

3.1.2.3 Density-Induced Circulation 

Partially stratified estuaries such as the Hudson River estuary are subject to 

a net upstream movement in the lower water layers and a net downstream move

ment in the upper water layers. Owing to tidal motion, turbulent eddies mix 

the lighter freshwater downwa~ds and the heavier saltwater upwards, causing an 

increase in the potential energy of the water. This action tends to dilute 

the landward-flowing saltwate~ and increase the density of the seaward-flowing 

freshwater. As a result, the volume of the seaward-flowing layer increases. 

To compensate for this increase, more ocean-de~ived water intrudes upstream in 

the lower layer. Thus, a circulation pattern is developed in which the water 

moves downstream in the upper layer and upstream in the lower layer. This 

circulation pattern, which results from density differences caused by the ver

tical and longitudinal distribution of ocean-derived saline water, is referred 

to as density-induced circulation, or net nontidal flow. The kinetic energy 

required for this circulation is provided by the increase in the potential 

energy of the water caused by vertical mixing. 

Density-induced circulation is important because it provides additional water 

for the dilution of discharges and affects the distribution of biological or

ganisms such as fish eggs and larvae. Dilution flows resulting from such cir

cUlation may be many times higher than those caused by upstream runoff; in 

several estuaries, dilution flows of from 10 to 40 times the associated fresh

water flows have been observed. However, the density-induced circulation pat-

3.1-9 



tern is weakest where salt is not present. The Bowline Point plant is located 

within the salt-intruded reach of the Hudson River estuary when the freshwater 

flow is below 26,000 cfs. This flow (i.e., 26,000 cfs), therefore, represents 

a conservative estimate of river dilution flow in the area of the plant, and 

at a plant cooling water flow of 1,163 cfs corresponds to a minimum dilution 

ratio (plant flOW/dilution flow) of 1:22.4. Based on the long-term average 

freshwater flow in the Hudson River estuary (approximately 10,000 cfs), the 

computed long-term average dilution flow at Bowline Point is about 30,000 cfs, 

which represents a dilution ratio of 1:25.8. 

3.1.3 Water Quality 

3.1.3.1 Salinity and Stratification 

The Bo~line Point area of the Hudson River estuary (MF 37.5) is normally lo

cated south of the northern boundary (MF 50-70) of saltwater intrusion from 

the ocean. When the freshwater flow is high, the salt front (defined as that 

location where the tidally averaged concentration of salinity is 100 mg/liter) 

moves south of the Bowline Point area, but during low-flow periods the salt 

front moves further north. 

Calculation of the tidally averaged salt intrusion length as a function of 

steady-state freshwater flow conditions of the Hudson River estuary indicates 

that the Bowline Point area is within the salt-intruded reach of the estuary 

when the freshwater flow is less than about 26,000 cfs. Based on monthly av

erage freshwater flows from 1918 to 1975, the salt front is generally located 

north of the Bowline Point area during all months of the year except the high 

flow months of March, April, and possibly May, which is a borderline flow case 

(i.e., average freshwater flow during May is approximately 26,000 cfs). How-
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ever, these estimates represent a long-term average, and the length of occur

rence of the salt front in the vicinity of Bowline Point may be different for 

any given year. For example, during the drought year of 1965, the salt front 

was in the Bowline Point area for the entire year, whereas during the high 

flow years of the early 1970s the salt front was present in this area only 

4-5 months annually. Although the salt front is usually located in the Bow

line Point area or further north during most of the year, the mean salinity 

concentration varies according to the extent of salt intrusion. Salinity 

concentrations in the vicinity of Bowline Point have ranged from as high as 

8,500 mg/liter during drought conditions, to as low as 30-50 mg/liter (back

ground salinities) during periods of high freshwater flow. 

Over the recent period from 1973 to 1976, freshwater flows, fed by heavy rain

fall and runoff, have been higher than normal. As a result, average chloride 

concentrations in the vicinity of Bowline Point have ranged from generally 

less than 3,000 mg/liter to as low as 10 mg/liter (background concentration) 

for freshwater flows in excess of 30,000 cfs. The river now appears to be in 

a high flow cycle which results in low salinities in the Bowline Point area. 

Because the Bowline Point area is located in varying positions with respect to 

the salt front, this results in variation in the extent of vertical stratifi

cation. Vertical stratification occurs in the Hudson River at Bowline Point 

whenever the salt front is north of this area and is caused by the heavier 

seawater intruding upstream beneath the lighter freshwater. More pronounced 

stratification occurs when the mean concentrations of chlorides are greater 

than 1,000 mg/liter; at these levels the bottom and surface concentrations can 

differ by a ratio of as much as 15:2. 
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3.1.3.2 Temperature Regime 

Within the Hudson River estuary, as within any given natural water system, 

ambient water temperatures vary both temporally (seasonally and daily) and 

spatially (over the length, width, and depth of the waterbody). Such changes 

are natural phenomena caused by waterbody geometry, terrestrial runoff, dis

persion and circulation, temperatures of the ocean and freshwater, and clima

tological conditions such as air temperature, wind, and solar radiation. 

The two background temperatures (i.e., those of the ocean water and freshwater 

entering the estuary) follow the same general seasonal pattern although there 

is a time lag because warming and cooling processes take place in ocean water 

after they have already occurred in freshwater (McFadden 1977:pp. 2.43-2.44). 

This phenomenon occurs because relatively shallow streams discharging fresh

water into the estuary warm and cool more rapidly than ocean water, which 

never reaches the seasonal temperature extremes of streams and rivers. Since 

the effect of freshwater temperature is more pronounced in the upper reaches 

of the estuary and that of ocean water temperature predominates in the down

stream portions of the estuary, longitudinal temperature gradients often oc

cur. The ocean water entering the mouth of the estuary is generally warmer 

during the winter and cooler during the summer than freshwater entering the 

head of the estuary at Green Island (Figure 3.1-4). 

In the Hudson River estuary as a whole, water temperatures are generally high

est during July and August, and lowest during January and February. However, 

considerable variation occurs from year to year. For example, water tempera

ture measurements recorded from 1951 to 1976 by the City of Poughkeepsie De-

3.1-12 



80 

-
LA.. 

~ 70 
I.IJ 
a: 
:::l 
r-
<eX 
a: 60 
I.IJ 
a.. 
::E 
I.IJ 
r-
0:: 50 
I.IJ 
r-
et 
~ 

40 

30 

FRESHWATER IN FLOW 
AT GREEN ISLAND 

(USGS 1964-65) 

I r __ 

I ~ 
/ , 

\ 
1 ,,_ -..looo- • 

1/·/ " \ 
/ / \\ 

1 / \ 

HUDSON RIVER AT / / \, \ 
THE BATTERY l. 
{US c a GS I 9(8) -----'%"---7...11 

Xl / 

• 
INTERPOLATED x" / \ 

\ 
\ 

\ 
"r---LOWER NEW YORK \ 

( NOT SH OWN I N x / 
USGS 1964-651--.........c 

1. / BAY- AM9 ROSE 'x • 
CHANN EL (USGS J964-65) \ 

\j 
• 1/ 

, 
\ 
\ 
\ 
\ 
\ JC, 

\ X x , ___ x. 

:l 

I I I I j j i 

\ 
X 

DEC JAN FEB MAR APR MAY JUN JUL AUG se:p OCT NOV OEC 

MONTH 

Figure 3.1·4. Comparisons of seasonal variations in temperatures of marine 
and fresh waters entering the Hudson River estuary, 1964 
(from McFadden 19n:p. 2.44). 



partment of Public Works at Poughkeepsie, New York* (MF 75)--the approximate 

midpoint of the estuary--indicate that river temperatures were ~25.0 C (77 F) 

on all days of August during 1959 and 1970, but during no days in August of 

1954, 1960-1962, and 1976 (Table 3.1-2). Annual maximum temperatures over 

this 26-year period varied 3.9 C (7 F), i.e., from 23.3 to 27.2 C (74 to 81 F). 

Similarly, during many winters throughout these 26 years, the river temperature 

was never <0.6 C (33 F) in February, whereas during others the February temper-

ature was less than or equal to this value during all days (Table 3.1-3). 

In addition to seasonal temperature variation, McFadden (1977:p. 2.47)--based 

on 1974-1975 water temperature data for the Hudson River estuary--noted diur-

nal, vertical, and latitudinal (river width) temperature differences of up to 

2.2 C (4 F) throughout the year, and longitudinal variation within the estuary 

of up to 8.2 C (15 F). McFadden (1977:pp. 2.44, 2.47-2.49) also pointed out 

that similar variations in temperatures of the estuary occurred prior to the 

existence of any significant artificial heat source. Specifically, water tem-

peratures recorded during August and September 1929 (as part of a USGS current 

survey of the Hudson River) indicated the following: diurnal changes in river 

temperatures by 1.6 C (3 F) within approximately an 8-hour period; vertical 

variation of 0.8 C (1.4 F) over depths of 20 ft; latitudinal differences of 

1.6 C (3 F) across the river width; and longitudinal temperature variation of 

approximately 5.0 C (9 F) over the length of the estuary. 

* Because Poughkeepsie is located 67 mi south of the Albany plant and approx
imately 9 mi north of the Danskammer Point and Roseton plants (and on the 
opposite side of the river; see Section 1.1, Figure 1.1), this site is ex
pected to be generally outside of the influence of residual (far-field) heat 
from power plant thermal discharges. Therefore, temperatures recorded at 
this site are considered indicative of the background ambient river temper
atures in the freshwater portion of the estuary. 
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TABLE 3.1-2 VARIATIONS IN WATER TEMPERATURES OF THE HUDSON RIVER ESTUARY AT POUGHKEEPSIE (MP 75) DURIi~G 

JULY AND AUGUST 1951-1976(a) -

HaxiOlUl8 Ob:;e,'ved ______ !'e"cent ~_ ()a~!.th T~!~~!at':!!~ Eq~!c,!~_o!:.. Gr~_ler than _~late(!_~~ ________ 
Temperature DUring JUL AUG 

!.~' Year' in De~ree3 F(C) 11 F_ (" 25.0 £I15 t~_ (2J.9CY73F(22, 6 C) 11 F,(25,~~ 15-f-(23.9 Cr'13 F (2.?.8 C) 

1951 11 (25.0) 3 68 91 6 9'1 100 

1952 '/9 (26.1) 1'2 71 90 11 100 100 

1951 78 (25,6) 5~ 6'1 90 29 56 100 

195" 16 (2'1.1f) 0 19 96 0 62 96 

1955 19 (26.1) 50 92 100 67 100 100 

1956 16 (2/j.1f) 0 0 6" 0 52 100 

195'/ 78 (25.6) 63 100 100 27 63 89 

1958 18 (25.6) 0 Ifl 59 73 92 100 

1959 80 (26.1) 8 511 58 100 100 100 

19{,O '/1f (23.3) 0 0 50 0 0 63 

1~61 75 (23.9) 0 23 1f2 0 39 tOO 

1962 '/5 (23.9) 0 56 100 0 0 66 

19fd 18 (25.6) 15 111 100 1f8 '/8 100 

1961i 78 (25.6) Ifl 89 100 88 100 100 

1965 T1 (25.0) 0 59 89 8 100 100 

19bb 80 (26.7) 92 100 100 96 100 100 

19f,'1 19 (26.1) 52 72 100 89 100 100 

19/16 18 (25.6) 1i2 ,,6 62 89 100 100 

1969 18 (25,6) 0 96 100 56 100 100 

1~),/O 80 (26. 'f) II III 85 100 100 100 

Inl '/8 (25.6) 67 100 100 92 92 100 

TaT'-oased on daily ohsel'val1ons by the City of PouChkcepsie Dellal'lment of I'llb11c Works, The number of days during which water temperalul'c 
mei13u"cmcnl:; were recorded ranged from 25 to 31 days for both July and August, since during some years measurement:; were not takell dUl'ing 
weekends 01' holidays. '111e pel'cenl<lge of days during the month wi th tempcl'atul'e equal to 01' gr'ealer' lhan the sla ted value is ba:ted on' y 
upon tl103e days for' which r'eeords exist. 



TABLE 3.1-2 (CONT. ) 

Maximum Obscl'ved P(lI'cent of Oars wt th Temeerature Egual to or Greater than Stated Value 
Temperature During JUL AUG 

Year Yea~ 1n Desrees F(C) 77 F (25.0 C) 15 F (2],9 C) 13 F (22.8 C) 71 F (25.0 ~5 F (23.9 C! 73 F (22.8-~C) 

1912 '19 (26.1) 2'l 38 50 30 78 100 

1<)13 76 (25.6) 15 7'1 17 56 100 100 

19'/11 'f1 (25.0) 0 26 63 26 100 100 

1975 81 (27.2) 67 8, 100 37 100 100 

19'/6 77 (25.0) 22 100 100 0 27 100 

!.ong-Term Avg. '/B (25.6) 26 61 BIl 116 1B 97 

(a) nased 0/1 daily observations by the City of Poughkeepsie Oepartment of Public Works. The nllmber of days during which water temperature 
measu"emenls were recorded ranged f,'om 25 to 31 days for both July and August, since during some years measurements were not taken dur-ing 
weeken,Is or holidays. 1'he percentage of days dU"ing the month with temperature equal to ai' g,-eater than the stated value is based only 
upon those days for which records exist. 



TABLE 3.1-3 VARIATIONS IN WATER TEMPERATURES OF THE HUDSON RIVER ESTUARY AT POUGHKEEPSIE 
(MP 75) DURING JANUARY AND FEBRUARY 1951-1976(a) 

Percent of Dals with Temeerature Egual to or Less than Stated Value 
JAN FEB 

Year' 33 F (6.6 C) 34 F (1. 1 C) 36 F (2.2 C) 33 F (0.6 C) 34 F (1. 1 C)-PF
U 

(2.2 C) 

1951 23 90 100 0 82 100 

1952 0 42 100 0 a 86 

1953 3 61 100 0 61 96 

1954 41 85 93 12 46 100 

1955 54 100 100 25 33 83 

1956 0 0 76 0 20 72 

1957 31 85 100 0 29 92 

1958 0 44 67 0 71 96 

1959 8 71 100 8 67 96 

1960 24 60 100 31 96 100 

1961 9 30 65 54 100 100 

1962 85 100 100 100 100 100 

1963 100 100 100 100 100 100 

1964 81 100 100 a 100 100 

(a) Based on daily observations by the City of Poughkeepsie Department of Public Works. 
The number of days during which water temperature measurements were recorded ranged 
from 23 to 31 days (average--26 days) for January. and 18 to 29 days (average--24 
days) for February, since during some years measurements were not taken during 
weekends or holidays. The percentage of days during the month with temperature 
equal to or less than the stated value is based only upon those days for which 
records exist. 



TABLE 3.1-3 (CONT.) 

Percent of Da~s with TemEerature Equal to or Less than Stated Value 
JAN FEB 

Year 33 F (0.0 C) 34 F (1.1 C) 36 F (2.2 C) 33 F (0.6 C) 34 F (1.1 C) 36 F (2.2 C) 

1965 56 72 92 100 100 100 

1966 0 52 100 0 100 100 

1967 a 64 100 a 100 100 

1968 a 85 100 a 56 100 

1969 35 69 100 a 17 100 

1970 19 100 100 a 92 100 

1971 84 100 100 67 96 100 

1972 38 92 100 92 100 100 

1973 69 92 100 100 100 100 

1974 54 85 100 67 92 100 

1975 11 59 100 a 88 100 

1976 100 100 100 35 74 91 

Long-Term 
Avg. 36 75 96 30 74 91 



Table 3.1-4 shows monthly average water temperatures and maximum annual water 

temperatures for the lower Hudson River estuary, at Peekskill, New York (MF 

43), based on USGS measurements taken daily (or several times a day) from Oc

tober 1959 to February 1969. As indicated by Can Edison (1977:p. 2-11), these 

temperatures may be slightly above true ambient conditions for this portion of 

the river, since they were taken in shallow waters of Lents Cove (1959-1966) 

and near the west bank of the river at Jones Point (1966-1969), sites that may 

be affected by increased heating from solar radiation and reduced mixing. How

ever, these data represent the most extensive river temperature records avail

able in the Bowline Point vicinity (both in terms of the total period covered 

and the frequency of measurements), and provide a conservatively warm base for 

predictively evaluating possible biological effects from the Bowline Point 

plant's thermal discharge (Chapter 5). Furthermore, these temperatures are 

relatively consistent with those measured at Poughkeepsie (Table 3.1-2). 

In recent years (1973-1976), temperature data have also been recorded in the 

vicinity of Bowline Point during the near-field biological sampling program 

(Section 1.3.4). Table 3.1-5 presents monthly average water temperatures for 

this period based upon mean values for all depths (surface, middepth, and 

bottom) at river near-field biological stations. The frequency of these mea

surements was usually at least once a week during the early years of the pro

gram, increasing to two or three times a week more recently (LMS 1978:p. 4-3). 

Although temperatures were not generally taken directly in the thermal plume, 

they do reflect any residual, far-field heat from the Bowline Point plant or 

other generating stations that discharged into the river during this period. 

A summary of the 10-year (1959-1969) mean monthly average water temperatures 

in the Bowline Point vicinity based upon USGS Peekskill records, and the mini-
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TABLE 3.1-11 MONTHLY AVERAGE WATER TEMPERATURES FOR THE LOWER HUDSON RIVER ESTUARY IN THE VICINITY OF 
BOWLINE POINT, 1959-1969(a) 

-- ----- ---- --------- ----------~--------------

Maximum 
Temperatures 

Monthll Avera~e Tem~eralures 1n De~rees C for Year 
Year .:!!!! !§!! !!!!! APR !:!!L !!!!!L JUl. ~ SEP OCT NOV DEC C (F) 

1959 19.11 10.6 3.3 (b) (b) 
1960 0.6 0.6 0.6 6.7 15.0 21.1 23.9 211.11 22.2 17 .2 11. 1 11.11 25.0 (77) 
1961 0.0 0.0 1.7 6.7 13.3 19,4 23.9 25.0 25.0 18.9 12.8 5.6 26.7 (80) 
1962 0.6 0.0 1.1 7.2 14.4 21.1 23.9 23.9 21.7 11.2 10.6 3.3 211.11 (76 ) 
1963 0.6 0.6 1.1 7.2 13.3 19.11 211.11 25.0 21.0 16.7 12.8 5.6 26.1 (79) 
1964 0.6 0.0 2.2 7.2 111.11 20.0 211.11 23.9 22.8 16.1 11.7 5.6 25.6 (78) 
1965 1.7 0.0 1.7 6.1 111.11 20.6 23.3 211.11 22.8 16.7 10.6 5.0 25.6 (78) 
1966 1.1 0.0 1.7 6.7 11.1 18.9 25.6 25.0 22.8 18.2 12.9 1.6 27.2 (81) 
1967 4.3 2.8 3.0 7.1 13.0 20.3 24.9 26.2 (c) 19.2 10.7 3.9 27.2 (81) 
1968 (c) 1.0 (c) (c) 15.9 (c) (c) (c) 23.4 19.1 11.11 3.0 27.0 (80.6) 
1969 0.6 1. 1 ( b) (b) 

10-yr avg 
C 1.1 0.6 1.6 6.9 13.9 20.1 211.3 211.7 22.7 17.9 11.5 4.7 

(F) (311.0) (33.1) (311.9) (1111.11) (51.0) (68,2) (15.7) (76.5) (72.9) (611.2 ) (52.7) (110.5) 

(a) Based on USGS temperatUl'o records for Peekskill. New York. For the period October 1959 to September 1966. 
water temperature measurements were mado once daily on the east side of the river at Charles Point (Mf 113) 
on l.ents Cove. During Octcber 1966 through {o'ebruary 1969. temperatures were recorded several timea a day 
at Jones Point on the west side of the rher opposite Charles Point. Following February 1969. the Jones 
Point atation waa diacontinued. 

(b) Insufficient data. 
(0) MOI'e than 33 percent of the days within the month were not salDpled. 

Note: Dil3h (--) indicates no data. 



TABLE 3.1-5 MONTHLY AVERAGE WATER TEMPERATURES FOR THE LOWER HUDSON RIVER ESTUARY IN THE 
VICINITY OF BOWLINE POINT, 1973-1976(a) 

Honthll Average Temperatures in Degrees C 
Year JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

1973 0.0 2.8 12.0 21.9 24.9 26.9 24.3 18.6 11.4 5.8 
19711 8.6 15.1 20.9 24.6 25.9 22.0 16.3 12.2 3.8 
1975 2.11 1.3 3.2 6.9 16.4 22.7 25.9 26.0 21.2 16.6 11.3 4.0 
1976 0.2 2.0 4.3 10.3 15.2 21.2 25.4 25.2 22.3 14.0 6.9 2. II 

II-yr avg 
C 1.3 1.1 3.4 8,6 14.7 21.7 25.2 26.0 22.4 16.4 10.4 11.0 

(F) (34.3) (34.0) (38.1) (47.5) (58.5) (71. 1) (77.4) (78.8) (72.3) (61.5) (50.7) (39.2) 

(a) Data from LMS (1978:p. 4-4). Temperatures recorded in conjunction with biological sampling; 
the values presented represent the mean for all depths (surface, middepth, and bottom) at 
near-field river biological stations, and include residual heat from the Bowline Point plant 
and other generating stations operating at the time. 

Note: Dash (--) indicates no data. 



mum and maximum monthly average values over the 14-year data base (1959-1969, 

and 1973-1976), from Peekskill and Bowline Point near-field measurements, re

spectively, is presented in Table 3.1-6 and graphically shown in Figure 3.1-5. 

3.1.3.3 Dissolved Oxygen 

Dissolved oxygen (DO) in natural water bodies is essential for the maintenance 

and well-being of most aquatic biota, and is influenced by physical, chemical, 

and biological factors. Among those factors expected to be of greatest impor

tance in the Hudson River estuary are temperature, salinity, turbulence, photo

synthesis, and respiration. As water temperatures change, DO levels varyin

versely as a consequence of decreasing oxygen solubility with increasing tem

perature. 

Dissolved oxygen concentrations in the Hudson River estuary vary longitudinally 

within the system. Between MP 153 and MP 100 the DO concentration steadily 

declines from the Troy Dam to the Albany area, then recovers near MP 100. From 

MP 100 to MP 30 the DO concentration is consistently high (>5.0 mg/liter), al

though at MP 30 a sag begins that extends to the Battery in New York City be

fore a rise to the ocean. 

In recent years (1973-1976), the DO concentration in the vicinity of Bowline 

Point has ranged from 5.0 to 13.5 mg/liter with some seasonal variation; maxi

mum values occur in winter and early spring, and minimum values in middle to 

late summer. 
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TABLE 3.1-6 TEN-YEAR MEAN MONTHLY AVERAGE WATER TEMPERATURES (1959-1969), AND EXTREME MONTHLY AVERAGE TEMPERATURE 
VALUES OVER 14-YEAR DATA BASE (1959-1969 AND 1973-1976) FOR THE LOWER HUDSON RIVER ESTUARY IN THE 
VICINITY OF BOWLINE POINT 

.. ___ Honth!y Average Tempel'atures 1n Dflgrecs C <tL ____________________ . ______ 
JAN FED HAR ..!f!!...._ ~ JUN Jill.. AUG SEP OCT NOV DEC 

to-yr' mea II (a) 1.1 0.6 1.6 6.9 13.9 20.1 211.3 211.7 22 .. , H.9 11.5 1J.7 
(111.0 ) cn.1) (311. 9) (4It.1J ) ( 5".0) (66.2) <75.7) 06.5) (12.9) (611.2) (52.7) (110.5) 

IHllimum(lI) 0.0 0.0 0.6 6.1 11.1 18.9 23.3 2·i.9 21.0 fll. 1 6.9 2.1J 
(32.0) (32.0) <33.0 (113.0) (53.1) (66.0) ('13.9) <75.0) (69.6) (5" .11) ( 1111,11) (36.3) 

Ma xi mulO 0.) 4.3 2.8 'to ] 10.1 16./j 22.7 25.9 26.9 25,0 19.1t 12.9 1.6 
09.71 <37.0) 09.1) (50.5) (61.5) U2.9) (78.6) ( 80. 11) (11.0) (66.9) (55.2) (1J5.n 

carDala from OSGS records 1'01' Peekskill, New York, October -1959-febr'uary 1969 (l;Iee TallIe 3. I-II). 
(Il) Data fr'om USGS records fOI'l'eel{skl11. New York (1959-1969), and 'flowline Point near'-fleld area (1913-1976) (l;Iee Tables 3.1-1J 

aud 3.1-5). 
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Figure 3_1-6. Temperature curves depicting long-term monthly average water temperatures and extremes 
for the lower Hudson River estuary in the vicinity of Bowline Point. 
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3.2 PLANT DESCRIPTION AND OPERATIONAL CHARACTERISTICS* 

3.2.1 Description 

The Bowline Point Generating Station consists of two completely enclosed oil-

and gas-fired steam-electric units, each of which has a nominal net generating 

capability rating of 600 MWe and a maximum gross capability of 622 MWe. Unit 

1 has been in operation since September 1972 and Unit 2 began commercial oper-

ation in May 1974. Each unit has a separate once-through cooling water system 

that transfers waste heat from the condensers to the Hudson River. Cooling 

water for each unit is drawn from Bowline Pond (Figure 3.2-1), which is con-

nected with the Hudson River estuary via a pond inlet approximately 219 ft 

wide at the water surface and 16.5 ft deep at the mean low water level 

(McFadden 1977:p. 2.97). After passing through the condensers, the cooling 

water is then discharged back into the river through separate offshore, 

submerged multipart diffusers. The circulating cooling water arrangements 

for both units are virtually identical. 

3.2.2 Intake and Discharge Systems 

Cooling water for each unit's condensers and for the service-water system is 

pumped from an intake structure located on the northeast shore of Bowline 

Pond, (Figure 3.2-1). The reinforced concrete intake structure is 140 

ft wide and about 27.ft deep at mean water level. 

* Material in this section, unless otherwise referenced, is summarized 
from the report entitled "Bowline Point Generating Station Hydrothermal 
Analysis" (LMS 1978). 
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The structure is divided into six bays, three for each of the two generating 

units. Each bay is about 16 ft wide and is equipped with (in order) a bar 

trash rack at the entrance, a deicing bubbler, a traveling screen and screen

wash pump, a chlorine solution diffuser, and a 185,000 gal/minute circulating 

water pump (Figure 3.2-2). The bays for each unit interconnect downstream of 

the traveling screens to minimize waterflow velocity when less than three cir

culating water pumps are operating. Chlorine solution diffusers are located 

downstream of these interconnecting ports. Intake structure equipment is 

enclosed in a heated, metal frame building (ORU 1977:pp. 2.2-1 - 2.2-2). 

Cooling water from both units of the Bowline Point plant is discharged back 

into the Hudson River estuary perpendicular to the direction of river flow 

through multipart, high-velocity diffusers. The diffuser headers are located 

in the river approximately 2,500 ft east of the plant, and approximately 

1,400 ft offshore (Figure 3.2-1). Each header consists of a 220-ft long 

steel pipe (5/8-in. wall, 10.5-ft inside diameter) that contains a total of 

eight discharge nozzles (Figure 3.2-3). Each nozzle is 3 ft in diameter at 

its outlet, and angled 5 degrees upward from the horizontal to minimize 

scouring of the river bottom. The average depth to the centerline of the 

nozzle ports is 15 ft below mean low water (MLW); the average depth to 

the river bottom in the immediate area of the diffuser headers is 21 ft 

(MLW). Since there are no control valves in the diffusers, the discharge 

flow is a function of the number of circulating water pumps in operation. 

When all pumps are operating (i.e., three pumps per unit), the initial 

jet velocity from the diffuser nozzles is 15 fps. This combination of an 

offshore location and a high velocity, submerged diffuser design for the 

plant's cooling water discharge structure was selected after extensive 

study indicated that such a design would provide maximum dilution of the 
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thermal discharge and would minimize the exposure of aquatic organisms to 

high temperature regions. 

A summary of operational data for the Bowline Point plant's cooling water sys-

tern is presented in Table 3.2-1. 

3.2.3 Cooling Water Flow Characteristics 

Three circulating water pumps are associated with each unit, and at least two 

pumps per unit must be kept running to permit reliable and safe operation; 

pump operation can further be controlled by throttling. Consequently, 

the three acceptable methods of operation for each unit are the three-pump 

mode, the two-pump mode, and the two-pump-throttled mode. Based on circulating 

water pump characteristic curves and circulating water system head loss 

curves (LMS 1978:p. 2-7), the cooling water flows and total discharge head 

(TDH) associated with these operational modes are as follows: 

Cooling Water Rate Per Unit 

Per Minute Per Hour Per Day TDH 
No. of PumEs (~Em) (gEh) (~Ed) (ft) 

3 384,000 23,040,000 552,960,000 35.0 
2 316,000 18,960,000 455,040,000 22.4 
2 

(throttled) 257,000 15,420,000 370,080,000 35.0 

Each circulating water pump tends to pump more water as the total system flow 

and head losses decrease. During the warmest months (i.e., the last 2 weeks 

in June through the first 2 weeks in September), three pumps are run to mini-

mize temperature rises across the condenser and within the receiving water. 

For the remainder of the year, only two pumps are run to meet all operating 

requirements. Under restrictive operating constraints for aquatic studies, 
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TABLE 3.2-1 BOWLINE POINT GENERATING STATION COOLING WATER SYSTEM 
OPERATIONAL DATA(a) 

Operating Characteristics 

Nominal net generating capacity rating, MWe 
Maximum gross generating capacity, MWe 
Cooling water flow rate, gpm 

Condenser 
Service water 

Heat rejection rate, Btu/hr 
Cooling water temperature rise, F (C) 

Intake Characteristics 

Type of intake 
Maximum approach velocity to the screens, fps 
Pipe diameter from intake to condenser, ft 
Total flow, gpm (cfs) 

Outfall Characteristics 

Length of main tunnel from existing Hudson 
River shoreline, ft 

Tunnel velocity, fps 
Length of diffuser, ft 
Number of diffuser ports 
Inside diameter of diffuser ports, ft 
Port spacing, ft 
Initial jet velocity, fps 
Total diffuser flow, gpm 
Average depth of port centerline below 

mean low water, ft 
Average depth to river bottom below 

mean low water, ft 
Port temperature rise above river ambient, F (C) 

(a) From LMS 1978:Table 2-1. 

Unit 1 & 2 (Each)(b) 

600 
622 

375,620 
8,480 

2.82 x 109 
14.9 (8.3) 

Shoreline 
0.77 

10.5 
384,100 (856) 

1,400 
9.9 

220 
8 
3 

25 
15 

384,100 

15 

21 
14.9 (8.3) 

(b) Values presented based on full capacity operation, all circulating water 
pumps operating. 



the circulating water system has been operated with two pumps running and the 

condenser discharge valve throttled to reduce flows to a minimum without jeop

ardizing generating system reliability. Although the two-pump-throttled mode 

is not optimal from an operating point of view, it is an option available to 

reduce river flow through the system during the cooler months of the year. 

3.2.4 Cooling Water Temperature Rises 

The rise in cooling water temperature is inversely proportional to the rate f 

of cooling water flow and directly proportional to the rate of heat rejection 

(LMS 1978:pp. 2-8 - 2-12), which itself is a function of megawatt output. 

Based upon actual temperature data, curves of delta-T versus net megawatt out

put (Figure 3.2-4) were calculated using linear regression analysis. Although 

the developed relationships are based on spring-summer plant operation, they 

serve as a conservative estimate for the entire year, since during the winter 

the plant discharges less total heat to the river. 

For purposes of evaluating the effects of the Bowline Point plant's thermal 

discharge, maximum cooling water temperature rises (delta-T) were estimated 

using the relationships in Figure 3.2-4 and an average recirculation rate of 

13 percent, as determined from field thermal survey data (ORU 1977:p. 3.1-49). 

Based on these estimates, the maximum delta-T at full plant operating capacity 

(600 MWe) is 8.2 C (14.8 F) during the period 15 June - 15 September (three

pump mode), and 10.0 C (18.1 F) from 16 September to 14 June (two-pump mode). 

The maximum discharge temperatures that would generally be expected to occur 

at full generation during periods of typical and unusually warm ambient river 

temperature conditions are presented in Table 3.2-2 and graphically shown in 

Figure 3.2-5. 
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TABLE 3.2-2 BOWLINE POINT GENERATING STATION THEORETICAL MAXIMUM DISCHARGE TEMPERATURES FOR 
TYPICAL AND EXTREME AMBIENT WATER TEMPERATURE CONDITIONS 

Mean(a) Maximum(c) 
Monthly Theoretical(b) Mean Monthly Theoretical(b) Maximum 
Average Monthly Average Average Monthly Average 

Temperature Discharge Temperature Temperature Discharge Temperature 
Month C F C F C F C F 

JAN 1.1 34.0 11. 1 52.0 4.3 39.7 14.3 51.7 
FEB 0.6 33.1 10.6 51.1 2.8 31.0 12.8 55.0 
MAR 1.6 34.9 11.6 52.9 4.3 39.7 14.3 57.7 
APR 6.9 44.4 16.9 62.4 10.3 50.5 20.3 68.5 
MAY 13.9 57.0 23.9 15.0 16.4 61.5 26.4 79.5 
JUN 20.1 68.2 30.1/28.3 86.2/82.9(d) 22.7 72.9 32.7130.9 90.9/81.6(d) 
JUL 24.3 75.7 32.5 90.5 25.9 18.6 34.1 93.4 
AUG 24.7 76.5 32.9 91.2 26.9 80.4 35.1 95.2 
SEP 22.7 72.9 30.9/32.7 87.6/90.9(d) 25.0 77.0 33.2/35.0 91.8/95.0(d) 
OCT 1'1.9 64.2 27.9 82.2 19.4 66.9 29.4 84.9 
NOV 11.5 52.7 21.5 70.7 12.9 55.2 22.9 73.2 
DEC 4.7 40.5 14.7 58.5 7.6 45.7 17 .6 63.1 

(a) Data from USGS records for Peekskill. New York, October 1959 - February 1969 (see 
Table 3.1-6). 

(b) Maximum discharge temperature rise is 8.2 C (14.8 F) from 15 June - 15 September (three 
pump operating mode). and 10.0 C (18.1 F) from 16 September - 14 June (two pump operating 
mode); assumes continual plant operation at maximum capacity. 

(c) Data from USGS records for Peekskill. New York (1959-1969). and Bowline Point near-field 
area (1973-1976) (see Table 3.1-6). 

(d) Delta-T changes when pumping rate changes in midmonth. 
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3.2.5 Historical Plant Loads' 

3.2.5.1 Historical Summary of Net Generation 

An hourly summary of historical net generation for the Bowline Point Generating 

Station by unit and for the entire plant for April through August (1973-1976) 

is presented in ORU (1977:Appendix 2.1A); these months represent the principal 

spawning and nursery period for most Hudson River fish species, and include 

the time of year when highest ambient river temperatures occur (i.e., July and 

August). Because of the day/night biological implications, the summary is seg-

mented into daytime output (0600-2100 hours) and nighttime output (2100-

0600 hours). The following table summarizes total plant monthly capacity 

tors for the months of April through August, 1973-1976 : 

Bowline Point Plant Capacity Factors (Percent) 
Month 1973 1974 1975 1976 

APR 69.8 14.0(a) 65.2 61.7 
MAY 74.2 12.7(a) 33.7 62.7 
JUN 66.5 27.7(a) 50.7 51.1(b) 
JUL 63.9 47~9 66.1 47.1Cb) 
AUG 68.6 71.0 71.4 37.5(b) 

(a) Startup of Unit 2 and scheduled outage of Unit 1 occurred during 
this period. 

(b) Scheduled outages of Units 1 and 2 occurred during this period. 

fac-

These capacity factors indicate that typical average plant output is generally 

below maximum generating capability. Discharge temperatures, therefore, 

are not normally as high as maximum values shown in Table 3.2-2 and Figure 

3.2-5. 
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3.2.5.2 Representative Diurnal Generation Profile 

Historical net generation data for the Bowline Point plant (ORU 1977:Appendix 

2.1A) were analyzed to provide two basic descriptions of the daily generation 

cycle: representative diurnal generation profiles and cumulative distribu-

tions of plant capacity factors for each hour of the day. Diurnal generation 

profiles for each month from April through August are presented in ORU (1977: 

Appendix Tables 2.1B-1 - 2.1B-40). Daily cycles of plant capacity factors are 

representative of operating days on which the maximum and minimum hourly gen-

erating loads were at least 80 percent and 20 percent, respectively, of total 

plant generating capacity. The profiles show that the plant typically loper-

ates at minimum levels of 20-30 percent of capacity in the early morning hours, 

and reaches maximum levels of 85-95 percent of capacity in midafternoon. 

To establish typical monthly plant factors for daytime operation (0600-2100 

hours) and for nighttime operation (2100-0600 hours), each month's data for 

1975 and 1976 were averaged over the respective time periods presented in ORU 

(1977:Appendix Tables 2.1B-1 - 2.1B-40). The resulting day/night monthly 

plant capacity factors are summarized below: 

Month 

APR 
MAY 
JUN 
JUL 
AUG 

Representative Monthly Plant Capacity Factors (Percent) 
Daytime Nighttime 

(0600-2100 hours) (2100-0600 hours) 

81.2 
79.9 
80.8 
84.3 
78.1 

52.9 
59.6 
61.8 
71.1 
61.7 

The plant normally operates at less than 90 percent capacity 30-60 percent 

of the time during peak load hours, but less than 70 percent capacity 80-

90 percent of the time during hours of low generation. 
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3.2.5.3 Plant Outages 

The hourly summary of historical net generation (ORU 1977:Appendix 2.1A) indi

cates three types of outages which result in zero operation for either unit or 

both units: 

1. A forced outage (designated by an "F" in the data summary) is an 

unanticipated trip or shutdown of a unit or both units. 

2. A planned outage (designated by a "P") is an anticipated outage of a 

unit (never two units) for annual maintenance or overhaul that is 

scheduled several months in advance. 

3. A scheduled outage (designated by an "S") is a semianticipated outage 

of a unit that is scheduled only a few days before shutdown, gener

ally to perform necessary repairs or unanticipated maintenance. 

Forced and scheduled outages occur naturally during day-to-day plant operation 

and cannot be specifically allocated to a generation schedule. However, 

planned outages can be allocated to a set time period and frequency. A sched

ule of planned maintenance dates (1977-2015) by unit is presented in ORU 

( 1977 : p. 2. 1-19) . 
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3.3 DISCHARGE EFFECTS ON THE RECEIVING WATER* 

3.3.1 Near-Field Hydrothermal Effects 

This subsection summarizes the results of field thermal surveys designed to 

define the thermal characteristics and extent of the heated plume created by 

initial mixing of condenser cooling water discharged by the Bowline Point 

plant. All surveys included were conducted after the plant began commercial 

operation in 1972 (Unit 1 went online on 8 September 1972 and Unit 2 on 13 May 

1974). Field survey results, as well as preoperational mathematical and hy-

draulic model predictions relating to New York State criteria governing ther-

mal discharges are presented to evaluate compliance with these criteria. In-

formation is also provided which depicts the velocity-temperature patterns in 

the immediate vicinity of the diffuser ports, and temperature decay with time 

of a water particle moving from the discharge port to the 1 C (1.8 F) isotherm. 

3.3.1.1 Thermal Characteristics and Dimensions of the Discharge Plume 

The results of 14 thermal plume surveys conducted in the vicinity of the Bow-

line Point plant since 1972 are detailed in L~B (1974, 1975a, 1975b, 1975c, 

1976a, and 1976b). Table 3.3-1 summarizes the results of these surveys show-

ing ambient surface temperature, maximum observed surface temperature rise, 

dilution ratio, and percent surface width and cross-sectional area bounded by 

the 2.2 C (4 F) temperature rise isotherm of the plume as functions of various 

* ~aterial in this section, unless otherwise referenced, is summarized 
in whole or in part from the report entitled "Bowline Point Generating 
Station Hydrothermal Analysis" (LMS 1978) which provides additional 
detail on the effects of the Bowline Point plant's cooling water dis
charge on the temperature distribution of the Hudson River estuary. 
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TABLE 3.3-1 SUMMARY OF THERMAL SURVEYS, BOWLINE POINT GENERATING STATION AND VICINITY, 
SEPTEMBER 1912 - OCTOBER 1915(a) 

Hal<1I.UIII Oa 1) y Average Oa lly Aver'age P"rct:llt Surface Peroent Cr03s- P"rcent of 
Amhient SUI'fae" Plant l'.,",p. Coo illig Wa ter Width Iloullded Seotiollal 'Ilounded Total 
Surtaotl Tamp. Ris" no" Rate by the 'ramp. by Temp. IUae Sta tion Load 

Tidal TeDlp, R1se Al'o (F) Dllution Uatto(b) (103 SPOl) Rise Iliotherm bolhel'm (Baaed on 
Sur vel! Data ~ ~ A'f"m (F) !!!!!U. !!!!.ll..! !!!l!Ll Un 1 t 2 !!!!.!!...l Un it 2 (~~ F) (~II F) Genel'atl on) 

a SEl' 1912 Flood 15.0 3,11 12.0 Hl 3.5 HA 316 Nl 0.0 'f6.3 

19 SEP 19'{2 HilS ·{/j.0 3.1 10.5 II! 3.4 II! 364 NA 0.0 '11.2 
[hb 1_.0 3.5 III 3.0 114 IIA 0.0 71.2 

20 SEl' 19'{2 Ebb 11.0 3.6 11.5 IIA 3.2 NA 316 III 0.0 16.2 

10 JAil 1973 floud 32.5 5.5 13.0 III 2.3 III 384 IIA 96.1 

24 AUG 1913 I,IIS 19.0 2.9 8.5 N1 2.9 NA 316 IIA 0.0 0.1 52.3 

13 :lEI' 19'13 Flood 15.5 11.6 12.2 Nl 2.1 NA 3811 IIA 0.1 1.9 98.3 
IIIIS 15.5 11.3 12.2 N4 2.6 NA 3811 NA 0.1 0.6 98.3 
Ebb 15.0 3.3 12.2 114 3.1 Nl )811 IIA 0.0 0.8 98.3 

III :lEI' 1973 LWS '(5.5 3.1 11.9 IIA 3.2 Nl 384 NA 0.0 1.6 >99.0 
Flood 15.5 '1.0 11.9 Nl 3.0 NA 384 NA 0.0 1.0 >99.0 

IIIIS 15.0 2.9 11.9 Nl ".1 ItA 384 NA 0.0 0.8 >99.0 

2 AUG 1971i Flood 11.5 5.1 10.0 2.0 316 ]16 2.6 1.9 68.8 
IIIIS 18.0 '1.2 10.0 2.1i ]16 316 0.3 0.5 18.1 
Ebb 17.5 5.0 10.0 2.0 316 ]16 0.5 1.3 95.5 

29 AUG 19711 Ebb 19.5(0) 3.5 13.0 12.0 3.6 316 381i 0.0 0.1 99.0 
LIIS 19.5(0) 11.6 13.0 12.0 2.1 316 384 2.8 3.0 98.5 

~'lood 79.0 5.1 13.0 12.0 2.2 316 384 11.9 2.6 96.1 
HilS 19.5 3.1 13.0 12.0 3.4 316 3611 0.1 0.4 96.3 

1 NOV 19'(11 Ebb 51.0 11.11 7.0 10.0 1.9 ]16 316 0.6 0.1 15.8 
LWS 51.0 'I.] 1.0 10.0 2.0 316 316 0.5 0.8 15.9 

Flood 51.0 5.~ 1.0 10.0 1.6 316 316 2.1 0.1 16.0 
IIWS 51.5 2.5 1.0 10.0 1.4 ]16 316 0.0 0.0 16.2 

15 APR 1975 Ehb ~1.0 3.8 14.0 (d) 3.1 (d) 25'( (d) 0.0 0.0 110.1 
I.IIS ~1.0 6.5 15.0 (d) 2.1 (d) 251 (d) 11.1 2.8 40.5 

Flood lil.5 6.1 15.0 3.0 2.2 (e) 251 257 1.4 1.3 56.5 
III1S 42.0 3.1 15.0 (d) 4.6 (d) 257 (d) (0.0 0.6 40.1 

(a) From LHS 1918:TablB _-2 (p. 4-20). 
(I.» DHUUO<l ratio. (AvBragB pbllL temp"ratur .. rlse (F))/(maxlulUm surface temperature rise (F»; unless other"lse "peoified (Bee (B)). 
(0) HadwUla tabled vduea. 
(d) orr HnB. 
ee) Dilutioll ratlo caloulat .. d u,,1ng the highel' of the tllo delta-To's. 

Hot,,: IU indicatea not applicable 1I1noe Unit 2 "liS under OOIl"tr'ual1on untll 13 Hay 19'(4. 
-- ilul1catea not IIvailable. 



TABLE 3.3-1 (CONT. ) 

MaxtmUiIl Daily Average (l<.lly Avel'ilse Per'ot:ut SUrface Pe,'"cnt Cro8:;-
'rablent Surface Plant Temp, Goollng W"t",· Wi-Ilh Ilollnded Section,,} Bouuded 
Surface Temp. 81ao !'low lIato by the TtllUp. by Temp, 81so 

'I'lda} Tewp. 8lao ATo (F) IHluUou Hali"(" I (103 jl;GPl) HI a" Isothe,'w laothe,'m 

~~~ ~ ..JfL- AT,,", (F) \Tnit 1 Unit 2 lin I t 1""!0J. t 2 Unit 1" nf"f2 __ (~ll F) __ nij fl 

16 JIlII 1915 IIWS 12.5 2.9 \5.0 13.0 ij.9 2';>'( 251 0.0 0.0 
Ebb 13.0 2.6 15.0 0-3.0 5.6 (d) 251 0-251 0.0 0.0 
I.W3 73.0 5.6 16.0 12.0 2.5 251 25'( 1.5 1.3 

Flood 13.5 1.1(b) 16.0 16.0 2.2 25'/ 251 2.11 3.7 

18 AUG 1915 Flood 16.5 5,9 15.0 1~.5 2.5 316 316 2.9 2.0 
/IWS 19.0 3.0 15.5 1~.5 5,0 316 316 0.0 0.0 
Ebb 19.0 3.1f 15.5 14.5 II. 5 3\6 316 0.0 0,0 
LWS 16.5 6. I 15.5 14.0 2.4 316 316 1.9(b) 5.5(b) 

26 OCT 19'/5 IlWS 57.0 2.4 lij.O (c) 5.6 (e) 316 (c) 0.0 0.0 
Ebb 57.0 2.5 111.0 (e) 5.6 (0) 316 (c) 0.0 0.0 
twa 51.0 5.4 H.O (c) 3.5 (0) 316 (e) 0.9 0.9 

Hood 51.0 4.9 11.0 (0) 3.5 (e) 316 (0) 1.9 0.6 

Til) Dilution ,'aUo " (Avtl"age plant tcmperatoll'o rise U,) )/(rllaxiullllil :lu/'face temperature 1'13e (F» j unles" otherwise :lpeeifltld ("ee (d». 
(b) HaxlraUill tabled vilhlea. 
(0) Off 11ne. 
(d) PUuUon "aUa oalelllille.! ul!lng the hlghe,' of tho two della-To 's. 

Not .. : Ni Indicatull not applicable alnce UnIt 2 was uuder COll3trllollon until 13 Hay 191~. 
Indlcatea nol a~al1able. 

}'sr'ccnt of 
'fotd 1 

Station l.oad 
(Based 011 

(jm~llon) 

86.'[ 
50.7 
65.7 
93.8 

93.3 
93.ij 
92.9 
93.3 

35.~ 
ijO.6 
41.3 
45,8 



plant parameters. The 2.2 C (4 F) temperature rise isotherm is used to rep-

resent the primary extent of the thermal plume because a determination of com-

pliance with NYSDEC thermal criteria requires analyses of this isotherm, and 

because it approximately represents the zone of discharge as defined by the 

30 September 1974 draft of the EPA 316(a) Technical Guidance Manual (EPA 1974: 

p. 22), i.e., 2 C (3.6 F) (Subsection 3.3.1.2). 

As Table 3.3-1 illustrates, the surveys were performed during varying plant 

operation and temperature conditions. For example, circulating water flow 

ranged from 257,000 gpm (one unit online, throttled flow) to 700,000 gpm (two 

units online), and plant operating load varied from 35.4 percent to approxi-

mately full capacity. Temperature ranges associated with the discharge and/or 

receiving water were as follows: 

Temperature Range 
Variable 

Plant delta-T 
Ambient river temp. 
Delta-Tsm(b) 
Max. plume surface temp.(c) 

C 

1.7 - 9.4 
O.3(a) - 26.4 

1.3 - 4.3 
3.3 - 29.3 

(a) Survey conducted before Unit 2 went online. 
(b) Delta-Tsm = maximum surface temperature rise. 

F 

3.0 - 17.0 
32.5(a) - 79.5 

2.4 - 7.7 
38.0 - 84.7 

(c) Maximum surface plume temperature for a given survey = ambient 
river temperature + delta-Tsm' 

Surface isotherm maps of the thermal plume for selected surveys conducted af-

ter May 1974 (when Unit 2 went online) are presented in LMS (1978:Appendix 

Figures A-l - A-16). These surveys were chosen as being representative of fall 

(ll November 1974), spring (15 April 1975), late spring/early summer (18 June 

3.3-4 



1975), and summer (18 August 1975) seasons.* The chosen surveys represent the 

worst measured case for each season~ i.e., the survey which indicated the 

largest plume area and/or warmest temperatures. Table 3.3-2 summarizes the 

areal and volumetric dimensions of the 2.2 C (4 F) and other temperature rise 

isotherms for the survey dates mentioned above. This table also presents the 

percentage of volume and surface area of the various plume isotherms within 

two tidal excursions (one upstream and one downstream) of the plant. The max-

imum surface area and volume bounded by the 2.2 C (4 F) isotherm were 50.5 and 

170 acre-ft, respectively (18 June 1975; two-pump throttled mode). Because of 

the large surface area and volume of the river in the vicinity of the plant, 

and the rapid heat dilution caused by the high-velocity diffuser, the ratios 

of plume areas and volumes bounded by the 2.2 C (4 F) isotherm to river areas 

and volumes within two tidal excursions are very small averaging 1:1528 and 

1:5620, respectively, for the 14 surveys (Table 3.3-3). 

For purposes of evaluating possible biological effects of the Bowline Point 

plant's thermal plume (Chapters 4 and 5), the maximum areal and volumetric ex-

tent of the plume are taken from the 18 June and 18 August 1975 surveys (Table 

3.3-2). These two surveys, conducted during summer ambient temperatures, rep-

resent the plume under near maximum capacity plant operation (approximately 93 

percent) and at its largest dimensions for two critical pumping rates (i.e., 

two-pump throttled operating mode on 18 June 1975, and three-pump mode on 18 

August 1975). In the winter, the plume is reduced by a decrease in the total 

amount of heat rejected to the river (LMS 1978:p. 2-9). Therefore, these sum-

* No winter surveys were conducted after both units went online. When more 
than one survey was conducted during a season, the survey which showed the 
largest thermal influence was chosen. 
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TABLE 3.3-2 SUMMARY OF THE SURFACE AREA AND VOLUME OF THE BOWLINE POINT GENERATING STATIONS'S DISCHARGE 
PLUME WITH RESPECT TO THE 2.2 C (4 F) AND BOUNDING TEMPERATURE RISE ISOTHERMs(a) 

llate --------
./ NOV 191" 

15 APR 19"15 

18 JUN 1975 

Tidal 
Phase 

Ehh 

I.WS 

Flood 

IIWS 

Ehb 

I.WS 

Flood 

IIWS 

IIWS 

Ebb 

LWS 

nood 

Temperature 
Rlue 

Jsotherm 
(» F 

3 
lJ 
5 
3 ,. 
5 
3 
II 

5 
3 
II 
5 

] 

'I 
5 
3 
II 

5 
6 
] 
lJ 
5 
6 
'f 
] 

II 
5 

3 
lJ 
5 
3 
II 
5 
3 
II 
5 
1 
'I 
5 
6 

(a) FrolQ U1S 19·{8:p. '1-22. 

lIeat Load 
!Btu ~09/[1ay) 
Unit 1 Unit 2 

26.5 ,.8.0 

26.5 1j8.1 

26.5 ,.8.2 

26.5 1j8.2 

39.4 0.0 

39.8 0.0 

110.1 15.lJ 

'10.0 0.0 

"2.7 '12.5 

115.7 <3.8 

1j5.9 38.3 

116.3 lJ5.5 

Surface 
Area 

(Acres) 

0.83 
O.llJ 
(c) 
3.lJlj 
0.16 
(c) 

11.50 
I. 15 
1. 15 
(c) 
(e) 
(c) 

8.27 
(e) 
(c) 

3.67 
1.81j 
0.92 
0.92 
'( .58 
1.81j 
0.lJ6 
0.12 
0.12 
5.7lJ 
(e) 
(c) 

0.01 
(c) 
(c) 
(e) 
(c) 
(c) 

21.60 
0.92 
0.18 

1'11.00 
50.50 
7.35 
0.55 

rercellt 
SUl'face 
Area(h) 

0,012 
0.002 
0.006 
0.050 
0.002 
0.000 
0.163 
0.016 
0.016 
0.000 
0.000 
0.000 

~. 117 
0.000 
0.000 
0.052 
0.026 
0.013 
0.013 
0.107 
0.026 
0.016 
0.002 
0.002 
0.080 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.305 
0.013 
0.002 
1.995 
0.711j 
O. Ill" 
0.007 

Volume 
(Acre-ft) 

3.56 
1. 72 
(c) 

25.80 
0.'11 
(e) 

36.70 
9.76 
2.87 
(e) 
(c) 
(c) 

26.60 
(0) 
(c) 

"1.30 
6.1j] 
lJ. I] 
].21 

111.00 
32.10 
6.1j3 
lJ.]6 
0.92 

51.20 
(0) 
(e) 

1j.59 
(e) 
(e) 
(0) 
(c) 
(e) 

86.10 
9.20 
3.10 

60lJ.00 
170.00 
26.1j0 

1. 38 

Percent 
Volume(h) ----

0.002 
0.001 
0.000 
0.018 
0.001 
0.000 
0.025 
0.007 
0.002 
0.000 
0.000 
0.000 

0.0111 
0.000 
0.000 
0.028 
0.001• 
0.003 
0.002 
0.O'f6 
0.022 
O.OOlJ 
0.003 

<0.001 
0.035 
0.000 
0.000 

0.003 
0.000 
0.000 
0.000 
0.000 
0.000 
0.059 
0.006 
0.002 
0. 1'10 
0.116 
0.018 
0.001 

Percent 
Capacity 

75.8 

75.9 

76.0 

76.2 

IjO.l 

'10.5 

56.5 

'10.7 

86.7 

50.7 

85.7 

93.8 

(b) Two tidal exolll'sions (ebb anti flood); sur'face area 7,06'1 acre3,'volume 1
'
16,98'1 acre-ft, see Table ].3-3. 

(c) No heat ilt U,e specified temperatul'e rise. 



TABLE 3.3-2 (CONT. ) 

TemperatuJ'e 
Il1se IIcal Load Surface Percent 

'floal Isotherm (Btu x 109/llay) AI'ea Surface Volume Per'cent Pcr'cent 
Date I'ha~ (» f' Unit 1 ~U (Am'es) AI'ea(a) (Acre-fli Volume(a) Capaci~l ---

18 AUG 19'/5 Flood ] 45,5 116,2 12.96 0.182 82.'/0 0.056 93.3 
4 1.35 0.1011 15.80 0.052 
5 1.]8 0.020 12.60 0.009 

IIWS ] 46.0 45.8 0.69 0.010 1.84 0.001 93. /1 
4 (b) 0.000 (b) 0.000 
5 (b) 0.000 (b) 0.000 

Ebb 3 45.8 115.5 11.00 0.155 59.'/0 0.041 92.9 
4 (b) (b) (b) 0.000 
5 (b) (b) (b) 0.000 

I.WS 3 1J6.3 45.5 29.40 0.1115 ]21.0 0.261 93.3 
4 10.10 0.14] 113.00 0.017 
5 3.61 0.052 32.10 0.022 
6 0.69 0.010 2.99 0.002 

(ar-~fIlO Udal excursions (ebb and flood), sur'face area '/,06'/ acres, volume 1116,96'/ am'e-ft, see Table 3.3-3. 
(b) 110 heat at lhe spocHled temper'atul'e rise. 



TABLE 3.3-3 COMPARISON OF THE SURFACE AREA AND VOLUME BOUNDED 'BY THE >4 F 
(2.2 C) TEMPERATURE RISE ISOTHERMS OF THE BOWLINE POINT 
GENERATING STATIONtS DISCHARGE PLUME WITH THE SURFACE AREA 
AND VOLUME OF THE HUDSON RIVER ESTUARY WITHIN TWO TIDAL 
EXCURSIONS 

Surface Area of Ratio of Volume of >4 F Ratio of 
~4 F Temperature Affected Temperature Rise Affected 

Values Rise (Acres) Area(a) (Acre-ft) Volume(a) 

Average(b) 4.63 1:1528 26.2 1:5620 

Maximum 50.5 1:140 170.0 1 :865 

(a) Based on two tidal excursions - one upstream (1.9 mi), and one down
stream (3.6 mi): Volume = 146,987 acre-ftj surface area = 7,067 acres 
(QLM 1971). Only 1975 and 1976 survey data used to calculate tidal 
excursions (LMS 1975b,cj 1976a). 

(b) Average of 7 NOV 1974, 15 APR 1975, 18 JUN 1975, 18 AUG 1975; plant 
capacity ranged from 40 to 94 percent. 

Note: From LMS (1978:Table 4-4). 



mer surveys provide a larger than expected representation of the plume for the 

cooler months of the year. 

3.3.1.2 Frequency Distribution of the Discharge Plume 

The 30 September 1974 draft of the EPA 316(a) Technical Guidance Manual (EPA 

1974:p. 22) defines zone of discharge as " ... that portion of the receiving 

waters which is within the delta 2 C isotherm of the plume 30 percent or more 

of the time, as defined by data representing a period of at least a few months 

and preferably indicative of a complete annual cycle." To determine the Bow-

line Point plant's zone of discharge, the results of five thermal surveys 

(representing a total of 19 surface temperature rise isotherm mappings) were 

used; all of these surveys represented cases where plant loads (based on aver-

age daily generation) were 50 percent or more of maximum net plant capacity 

(1200 MWe). Four of the 19 isothermal maps showed surface temperature rises 

of less than 2 C (3.6 F). The dates on which the five selected surveys were 

made were: 2 August 1974; 29-30 August 1974; 7 November 1974; 18 June 1975; 

and 18 August 1975 (see Table 3.3-1 for plant operating conditions). The con-

tours drawn in Figure 3.3-1 represent the portion of the receiving waterbody 

that falls within the 2 C (3.6 F) temperature rise isotherm 10, 20, 30, and 

40 percent of the time. Similar analyses for the 3 C (5.4 F) and 4 C (7.2 F) 

isotherms indicated infrequent occurrence of these isotherms in the area of 

the Bowline Point plant discharge. 

3.3.1.3 Comparison of Field Thermal Survey Results and Mathematical 
and Hydraulic Model Predictions with New York State Thermal 
Criteria 

The maximum percentages of surface width and cross-sectional area of the Bow-

line Point plant's thermal plume within the 2.2 C (4 F) isotherm, as deter-
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Figure 3.3-1. Bowline Point Generating Station zone of discharge as depicted by 
the frequency of occurrence of the 2 C (3.6 F) tet:nperature rise 
isotherm (from lMS 1978:p. 4-25). 



mined during field surveys, were 7.9 and 5.5 percent, respectively (Subsection 

3.3.1.1, Table 3.3-1); both maxima occurred on 18 August 1975 when the plant 

was operating at near maximum capacity (93 percent). These values are consid

erably less than the New York State thermal discharge criteria for maximum 

river surface width and cross-sectional area bounded by the 2.2 C (4 F) tem

perature rise isotherm (i.e., 67 and 50 percent, respectively). Therefore, no 

violations of these criteria are expected to occur in the future at the Bow

line Point plant. 

A frequency plot of the maximum surface temperature rises (delta-Tsm) observed 

within the thermal plume of the Bowline Point plant (Figure 3.3-2) indicates 

that a delta-Tsm of 4.2 C (7.5 F) occurs less than 1 percent of the time. 

Based on this frequency of occurrence, in order for the New York State's 

32.2 C (90 F) maximum surface temperature criterion to be violated (i.e., for 

temperatures ~ 32.8 C [91 F] to occur) the ambient river temperature must ex

ceed 28.6 C (83.5 F), a temperature which has never been observed in the Bow

line Point area. Thus, no violation of this criterion is expected since the 

frequency with which the combination of maximum ambient temperature and maxi

mum surface temperature rise would be likely to occur is very small. 

Temperatures and dimensions of the discharge plume based on field survey meas

urements (Subsection 3.3.1.1) and preoperational mathematical, and hydraulic 

model predictions (LMS 1978:pp. 4-32 - 4-51), are presented in Table 3.3-4. 

Values listed under field observations are the maximum values measured during 

all thermal surveys conducted from 1972-1975 (Subsection 3.3.1.1, Table 3.3-1). 

Model predictions represent maximum values assuming full capacity operation 

for the two units at Bowline Point, five units at Lovett, and three units at 
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TABLE 3.3-4 THERMAL CHARACTERISTICS AND DIMENSIONS OF BOWLINE POINT GENERATING STATIONIS DISCHARGE 
PLUME BASED ON FIELD SURVEY RESULTS AND MATHEMATICAL AND HYDRAULIC MODEL PREDICTIONs(a) 

Mathematical Hydraulic New York State 
Model Model Field Observation(C) Thermal Discharge 

Parameter Predictions (b) Predictions (Date) Criteria 

Maximum surface 
temperature rise (F) 5-7 3-5 7.7 (18 JUN 75) 

Recirculation above 
base temperature (F) 1.0 0.6-1.35 

Maximum surface 
temperature (F) 86.5-88.5(d} 82.6-85.35 84.7 (29 AUG 74) 

Percent cross-
sectional area 
bounded by the 
4 F isotherm 5-7 7.5 (18 AUG 75) 

Percent surface 
width bounded by 
the 4 F isotherm 23-31 3-10 7.9 (18 AUG 75) 

(a) Mathematical and hydraulic model predictions assume 2 units at Bowline Point, 5 units 
at Lovett, and 3 units at Indian Point are operating at their maximum rated capacity; 
predicted values are based on an ambient river temperature of 79 F and are taken from 
QLM (1971). 

(b) These values represent the maximum predictions obtained using four mathematical models 
(LMS 1978:pp. 4-32 - 4-42); upriver discharges resulted in an additional 1.5 F 
temperature rise above ambient. 

(0) These values represent the maximum field observations as obtained from all triaxial 
thermal surveys (1972-1975). 

(d) These values include a recirculation temperature rise of 1.0 F, and a temperature rise 
of 1.5 F from upriver discharges. 

Note: Adapted from LMS 1978:p. 4-55. 

90 

50 

67 



Indian Point. Maximum surface temperatures were calculated from model results 

using a maximum ambient river temperature at Bowline Point of 26.1 C (79 F). 

The mathematical models predicted higher maximum surface temperatures and per

centage of surface width of the plume bounded by the 2.2 C (4 F) temperature 

rise isotherm than observed during field surveys. Hydraulic model results, 

however, generally compared closely with field data (Table 3.3-4). Models 

and field results both indicated maximum values less than the State's 32.2 C 

(90 F) temperature criterion. The maximum surface temperatures expected at 

Bowline Point, based on the mathematical models, were obtained by summing the 

predicted maximum surface temperature rises of 2.8-3.4 C (5-7 F), a recircula

tion temperature rise of 0.6 C (1.0 F) above ambient, and a temperature rise 

of 0.8 C (1.5 F) from upriver discharges. The maximum surface temperatures 

thus obtained ranged from 30.3 to 31.4 C (86.5 to 88.5 F), assuming an ambient 

river temperature of 26.1 C (79 F). Therefore, based on maximum mathematical 

model predictions, a violation of 32.2 C (90 F) maximum surface temperature 

criterion (i.e., for surface temperatures ~ 91 F (32.8 C» would occur at Bow

line Point only when ambient river temperatures are 81.5 F (27.5 C) or higher. 

A comparison of the mathematical model results with the maximum observed field 

results shows the model predictions to be, on the whole, higher than expected. 

Field studies, as noted previously, have never indicated a violation of the 

32.2 C (90 F) surface temperature criterion at Bowline POint, a situation that 

would occur only during the rare combination of maximum plant capacity, mini

mum dilution, and river temperatures of 28.6 C (83.5 F). 

Based on model predictions and field survey measurements (Table 3.3-4), the 

maximum observed percentage of the river cross-sectional area within the 2.2 C 

(4 F) isotherm of the Bowline Point plant's thermal plume was 7.5 percent, 
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which is well within the State's criterion of 50 percent. Although the pre-

dicted maximum percentage of river surface width within the 2.2 C (4 F) iso-

therm was 31 percent, this value is still much less than the State's thermal 

criterion of 67 percent; field data showed a maximum of 7.9 percent. 

3.3.1.4 Immediate Discharge Velocity - Temperature Distribution 

Before startup of the Bowline Point plant, a single submerged-jet mathematical 

model (LMS 1978:pp. 4-32 - 4-34) was used to calculate the temperature and 

velocity patterns from the plant's submerged discharge under flood, ebb, and 

slack tide conditions (LMS 1978:pp. 4-27 - 4-29). However, recent field data 

(Subsection 3.3.1.1) suggest that actual dilutions (maximum surface tempera-

ture/initial temperature) are less than the theoretical dilutions predicted by 

the model. Based on thermal plume surveys, the dilutions were as follows: 

Dilution 
Tide Range Average 

Flood 1.6-3.5 2.52 
Ebb 1.9-5.8 3.46 
Slack 2.0-5.6 3.39 

The field studies indicate that the submerged diffuser provides very good ini-

tial mixing; within the first 20-40 ft from the diffuser, the discharge has 

reached dilution ratios of 2-6. However, after the initial dilution, the dis-

charge does not appear to entrain any new ambient water and is diluted little 

before reaching the river surface. Studies, such as Robideau (1972), indicate 

that for a discharge like that at the Bowline Point plant, there may be a 

limit on the amount of dilution water available. Although Robideau's data did 

not cover the lower range, this information did suggest that submerged dis-

charges with a dimensionless water depth (H = submergence/port diameter) of 

less than 10 should have a very small effective water depth, i.e., the depth 
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of water in which the discharge effectively mixes. The Bowline Point plant, 

with H = 4.5-5.5, should have little effective water depth and, after the ini

tial mixing, would appear to be limited in the amount of dilution water that 

is available. 

Using the submerged-jet model results and the average field dilutions, effec

tive water depths of 1.25, 2.0, and 2.25 ft were calculated for flood, ebb, 

and slack tidal conditions, respectively. Small effective depths such as 

these are in the range of what might be expected from Robideau's study and 

would indicate that all the d~lution (2-6) for the Bowline Point plant dis

charge occurs within the first 20-40 ft from the discharge port and that after 

this point the plume bubbles to the surface with little additional dilution 

taking place (Figure 3.3-3). As the discharge jet profile (Figure 3.3-3) 

shows, the velocity of the discharge flow within this region would decrease 

from 15 fps to approximately 4 fps, and the temperature of the discharge water 

would decrease from the condenser-induced temperature rise to within 2.4-3.3 C 

(4.3-6.0 F); these reductions would occur within approximately 5-10 seconds 

based on velocity-distance relationships. Once the velocity of the discharge 

flow diminishes to 4 fps, the plume then floats to the surface and decreases 

to ambient river current. Because little or no additional dilution occurs as 

the discharge water rises to the surface, the maximum surface temperature 

elevation, therefore, reflects the temperature rise above ambient of the dis

charge water upon reaching a velocity of 4 fps at 20-40 ft in front of the 

diffuser ports. 

Although Figure 3.3-3 indicates that the temperature of the discharge water 

decreases to 2.4-3.3 C (4.3-6.0 F) above ambient by the time the jet flow 

has diminished to 4 fps, maximum surface temperature rises as much as 4.3 C 
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(7.7 F) have been observed (Subsection 3.3.1.1, Table 3.3-1). Temperature 

elevations of this magnitude, however, would be rare, since the frequency plot 

of maximum surface temperature rises measured within the thermal plume (Sub

section 3.3.1.3, Figure 3.3-2) indicates that a surface temperature rise of 

4.2 C (7.5 F) occurs less than 1 percent of the time. Furthermore, the sur

face area and volume of the plume affected by temperatures of 3.3 C (6 F) or 

more are extremely small. Surveys conducted at near-maximum plant operating 

capacity (approximately 93 percent) during high summer ambient conditions 

(18 August 1975) recorded maximum surface areas and volumes within the 3.3 C 

(6 F) isotherm of 0.69 acres and 2.99 acre-ft (Subsection 3.3.1.1, Table 3.3-2). 

These values represent 0.01 percent of the surface area and 0.022 percent of 

the volume within two tidal excursions of Bowline Point. 

Thus, within 5-10 seconds (20-40 ft) of the diffuser port, the corresponding 

temperature of the discharge water has been decreased to approximately 2.4-

4.3 C (4.3-7.7 F) by rapid dilution. This temperature range is also consis

tent with the range of maximum temperatures at the surface, since upon reach

ing a velocity of 4.3-6.0 fps the discharge water floats upwards with little 

additional dillution taking place. Temperatures within this range that are 

~3.3 C (6.0 F), even at high plant loads and warm summer ambient temperatures, 

affect a minimal percentage of near-field surface area and volume, and temper

atures ~4.2 C (7.5 F) occur rarely. 

3.3.1.5 Time-Temperature Profile 

For this analysis, temperature decay of a water particle from discharge port 

to 1 C (1.8 F) is assummed to occur within one tidal phase. Although tempera

ture decay may continue for a short time into the next tidal phase, it will be 

quickly diluted below 1 C (1.8 F). Results of field thermal surveys support 
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this assumption, despite the fact that continuous tracking of the discharge 

water and/or its temperature decay has not been performed between tidal phases. 

A review of field thermal surveys for the Bowline Point vicinity indicates 

that the longest plume occurs during maximum ebb tide, when the plume extends 

downriver for some distance (LMS 1978:pp. 6-1 - 6.2). However, surface plumes 

during flood tide are usually slightly warmer in the near field and cooler in 

the far field than during ebb tide (thermal maps of the plume for various sea

sons and tidal phases are presented in LMS 1978:Appendix). Plume length ver

sus temperature rise above ambient for ebb and flood tide, as measured during 

seven thermal surveys, indicates that the plume length is dependent on sea

sonal conditions with the longest plume occurring during the summer (Figure 

3.3-4). Based on these plume lengths, average ebb and flood current velocities 

of 1.44 fps and 0.96 fps, respectively, and the discharge velocity-temperature 

relationships shown in Figure 3.3-3, the maximum time-temperature profile from 

the discharge port to the 1 C (1.8 F) isotherm during spring-fall and summer 

conditions was derived (Figure 3.3-5). 

This time-temperature profile and the discharge velocity-temperature analysis 

(Subsection 3.3.1.4) indicate three mixing zones for the discharge water. The 

first is the rapid initial dilution zone within the first 20-40 ft from the 

discharge jet in which the temperature is diluted from the condenser-induced 

temperature rise to approximately 2.4-4.3 C (4.3-7.7 F) above ambient within 

5-10 seconds of discharge. In the second zone, the discharge flow is further 

dissipated with some additional decrease in temperature; this zone occurs 

within 20-30 minutes of the discharge port. The third zone covers the move

ment of the plume by tidal currents in which the temperature gradually de

creases to ambient. 
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3.3.2 Far-Field Hydrothermal Effects 

Far-field hydrothermal effects refer to the residual low-level temperature 

increases over a large area caused by a thermal discharge after initial mixing 

in the near-field has occurred. It is in the far field that the majority of 

the cooling water heat is exchanged into the atmosphere, particularly in the 

case of submerged diffuser-discharge systems which enhance the mixing of the 

heated effluent with the river water. Far-field heat is difficult to measure 

in the field because of the extensive distance over which measurements must be 

taken, and the variations in river ambient temperatures or natural heat inputs 

that obscure the distinctions between natural and artificial heat. For this 

reason, mathematical models are generally used to analyze far-field effects 

because of the ease with which artificial heat can be added or removed. 

In the case of the Bowline Point plant and other generating stations that uti

lize Hudson River water for once-through cooling, a one-dimensional, multi

segment model (LMS 1978:pp. 4-37 - 4-40) was developed to analyze far-field, 

steady-state temperature increases caused by individual as well as combined 

discharge heat input. Based on the results of this model, a river oross

sectional, tidal-average temperature rise of 0.2 C (0.4 F) was predicted to 

occur at Bowline Point as a result of full-capacity operation of Bowline Point 

Units 1 and 2. The cross-sectional, tidal-average temperature rise predicted 

at Bowline Point for the combined discharge from the Bowline Point plant and 

four other mid-Hudson generating stations (Lovett Units 1-5, Indian Point 

Units 1-3, Roseton Units 1-2, and Danskammer Point Units 1-4), assuming full

capacity. operation for all units, was 0.9 C (1.6 F) (LMS 1978:pp. 5-1 - 5-3). 

It should be noted that studies comparing the model predictions with actual 

observed data (LMS 1974, 1975c) show that the model is conservative, i.e., the 
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model predicts higher temperature rises. In addition, the combined plant 

far-field temperature effects predicted by the model are based on drought flow 

conditions and maximum capacity operation for all plants, which represents the 

worst possible situation. 

3.3.3 Effects of Cooling Water System Operation on River Water Chemistry 

3.3.3.1 Dissolved Oxygen Levels 

As was noted previously (Subsection 3.1.3.3), dissolved oxygen (DO) concentra-

tions within the Hudson River estuary in the vicinity of Bowline Point in re-

cent years (1973-1976) have ranged from approximately 5.0 to 13.5 mg/liter; 

maximum values occur in winter and early spring, and minimum values in middle 

to late summer. These concentrations are above the safe levels recommended 

by the "Report of the Committee on Water Quality Criteria" (FWPCA 1968:p. 70) 

for maintaining survival, growth, reproduction, and the general well-being and 

production of aquatic organisms in estuarine environments. As specifically 

stated: 

Dissolved oxygen concentrations in estuaries and tidal tributaries shall 
not be less than 4.0 mg/liter at any time or place except in dystrophic 
waters or where natural conditions cause this value to be depressed. 

In order to estimate the effect of the operation of the Bowline Point plant 

on river DO, a mathematical model (Lawler 1972, 1973) was used to simulate 

DO losses through the plant's circulating water system. The model was then 

verified using DO measurements taken at the plant's intake and discharge by 

LMS (1974, 1975c), and used to predict losses under maximum summer and winter 

river temperature conditions. The following results were obtained: 
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1. Based on the mathematical model (verified by field studies), the 

passage of cooling water through the Bowline Point plant will reduce 

the DO concentration in the water by approximately 0.90-1.50 mg/liter 

during the winter or early spring when DO in the river is at its 

highest level (usually less than 100 percent saturation). A smaller 

decrease in DO, on the order of 0.02-0.97 mg/liter (based on a plant 

flow of 316,000 gpm), occurs during the summer. 

2. As a result of the loss of DO in the circulating water, DO in the 

river at Bowline Point is reduced a maximum of about 0.08 mg/liter 

(0.55 percent loss) during the winter at an average river flow of 

24,000 cfs, and by 0.16 mg/liter (1.97 percent loss) in the summer, 

based on the 7-consecutive-day low river flow of 3,500 cfs. 

Based on the varying solubility of oxygen in water at different temperatures 

and chloride concentrations, elevated temperatures within the 2.2 C (4 F) 

temperature rise isotherm of the Bowline Point plant's thermal plume would 

result in an average reduction in river DO of 0.22-0.88 mg/liter, depending 

on season. Highest reductions would occur during winter and early spring 

when ambient water temperatures are lowest, salinity is low, and natural DO 

levels are highest; lowest reductions would occur during summer. The maximum 

volume of water measured within the 2.2 C (4 F) isotherm of the plume during 

the field thermal survey conducted on 18 June 1975 (Subsection 3.3.1.1, Table 

3.3-2), when the plant was operating at 93.8 percent capacity (two-pumps -

throttled operating mode), was 170 acre-ft or 0.12 percent of the river volume 

within two tidal excursions of Bowline Point. This volume, therefore, repre

sents the maximum volume of river water expected to be affected by such local 

DO reductions within the 2.2 C (4 F) isotherm. 
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Thus, DO losses incurred during passage of cooling water through the Bowline 

Point plant, or as a result of temperature elevations in the river (~ 2.2 C 

[4 F]) caused by the plant's thermal discharge, do not appreciably diminish 

natural DO levels in the receiving water. Greatest reductions «1.0 mg/liter) 

would occur during winter and early spring when river DO levels are highest 

(>10 mg/liter) and would be limited to a small volume of river water within 

the immediate vicinity of the discharge. These reductions are not expected 

to cause river DO concentrations to fall below the recommended safe levels 

for maintaining the well-being and production of the aquatic biota. 

3.3.3.2 Chlorination 

At the Bowline Point plant, a 15 percent solution of sodium hypochlorite is 

occasionally added to the cooling water to minimize slime growth in the con

densers (for a description of chlorination procedures, see ORU 1977:pp. 2.4-1 -

2.4-3); this is the only chemical added to the cooling water. In the past, 

when chlorination was performed, the conderiser cooling water for each unit was 

chlorinated separately once each day for 30 minutes during that period when 

the water temperature of the Hudson River estuary was above 10 C (50 F). This 

temperature regime usually occurs from late spring through midfall. Because 

of the low levels of organic growth observed, however, the frequency of chlo

rination has been reduced to three times a week. Based on this frequency, 

approximately 115 Ib per week of free residual chlorine are discharged into 

the river during the chlorination period (i.e., when river temperatures are 

>10 C [50 F]) to achieve concentrations of free residual chlorine at the out

let of the condenser averaging 0.2 mg/liter. 

The effects of cooling water chlorination on free residual chlorine concentra

tions in the receiving water has been studied at both the Bowline Point plant 
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and the Indian Point Generating Station located apporoximately 5 mi upstream. 

Results of these studies have indicated an initial river chlorine demand of 

0.8 mg/liter at an initial laboratory test concentration of 2.5 mg/liter, and 

therefore a chlorine demand to initial chlorine concentration ratio of 0.32; 

during other studies, ratios of 0.62 to 0.85 were observed (LMS 1978:pp. 8-2 -

8-4). Based on these river chlorine demand ratios, an initial concentration 

of 0.2 mg/liter of free residual chlorine at the discharge, and the various 

dilutions encountered in the plume, the following concentrations of free re-

sidual chlorine in the receiving water have been calculated for the Bowline 

Point plant's discharge: 

Dilution Ratios 

Initial Minimum = 1.6 
(based on max. surface temp.) 

Average Initial = 3.23 

Dilution to 2.2 C (4 F) = 3.75 
(based on discharge delta-T = 8.3 C [15 F]) 

Dilution to 1.1 C (2 F) = 7.5 
(based on discharge delta-T ~ 8.3 C [15 F]) 

Free Residual Chlorine 
River Demand Ratios (mg/liter) 

0.32 0.85 

0.1075 

0.0425 

0.0349 

0.0140 

0.0838 

0.0229 

0.0173 

0.0048 

Recent investigations have indicated that such low-level concentrations of 

free residual chlorine are well within safe levels for fish and other aquatic 

organisms. Liden and Burton (1977) for example, found that residual chlorine 

concentrations of 0.014-0.062 mg/liter, which were effective for biofouling 

control in a once-through steam electric power plant located along the Potomac 

River estuary, were not lethal to juvenile Atlantic menhaden (Brevoortia 

tyrannus) and spot (Leiostomus xanthurus) exposed continuously to halogenated 

discharge water (~30 C [86 F]) for 19 and 20 days, respectively. Laboratory 

tests conducted by Brooks and Seegert (1977) further indicate that fish ex-
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posed to intermittent chlorination can tolerate substantially higher residual 

chlorine concentrations. For example, the LC50 for juvenile yellow perch 

(Perca flavescens) a warm water species, exposed to residual chlorine for a 

single 30-minute dose at water temperatures varying in 5 C (9 F) increments 

from 10 to 30 C (50-86 F) ranged from 0.70 mg/liter at 30 C (86 F) to 8.0 

mg/liter at 10 C (50 F). For juvenile rainbow trout (~gairdneri), a 

species which prefers cooler water temperatures, the 30-minute LC50 values 

were 0.99 and 0.94 mg/liter residual chlorine at test temperatures of 10 and 

15 C (50 and 59 F), respectively, and 0.60 and 0.43 mg/liter for two groups 

of trout tested at 20 C (68 F). For both species, chlorine concentrations 

resulting in no mortality were approximately one half the LC50 value. Baush 

and Truchan (1976) similarly found that a variety of warm water fish species 

were able to survive repeated 30-minute exposures to chlorine levels up to 

0.5 mg/liter. 

In the experiments conducted by Brooks and Seegert (1977), mortality of the 

yellow perch and rainbow trout exposed to varying chlorine concentrations for 

30 minutes occurred primarily within the first 24 hours after exposure, with 

an average of 7 percent of the mortality occurring within the second 24 hours. 

Observations over a period of several weeks indicated that little subsequent 

mortality occurred and, therefore, little or no delayed mortality would be ex

pected more than 48 hours after treatment. 

Results of these studies, and others, indicate that the low-level residual 

chlorine levels, which occur intermittently in the area of the Bowline Point 

plant discharge, will not be harmful to fish and other aquatic organisms. It 

should also be noted that the residual chlorine levels reported above fer the 

discharge plume at Bowline Point are higher than expected, since the calcula-
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tions upon which these values are based do not take into account decay re

sulting from ultraviolet light, a factor that may be significant once the 

plume rises to the surface. In addition, the dilution values used to calcu

late residual chlorine concentrations in the plume were based on heat dilu

tion ratios for two-unit operation (both units discharging heat) or one-unit 

operation (with no discharge flow through the second unit). The separate 

chlorination of each unit while the other unit is discharging unchlorinated 

water, as is practiced at the Bowline Point plant, should further dilute re

sidual chlorine levels in the river below those values indicated. In view 

of these considerations, it is concluded that intermittent chlorination of 

the cooling water at the Bowline Point plant, at the frequency and dosage 

currently applied, does not result in residual chlorine levels in the re

ceiving water which exceed safe-levels for the maintainance and well-being 

of the indigenous biological community. 
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3.4 BIOTHERMAL RELATIONSHIPS 

Certain of the results derived in the hydrothermal analyses of the Bowline 

Point discharge are partioularly important to interpretation of biological 

data presented in Chapters 4 and 5. These include temperature and spatial 

characteristics of the thermal plume and their compliance with New York State 

thermal criteria, temperature-velocity relationships of the discharge water, 

and the maximum time-temperature exposure that planktonic organisms would ex-

perience as a result of plume entrainment. 

3.4.1 Plume Characteristics and Compliance with New York State Temperature 
Criteria 

The combination of an offshore location and high-velocity diffuser design for 

the Bowline Point plant's cooling water discharge structure were selected to 

achieve plume temperature conditions with low potential for adverse effects on 

aquatic life, as required by the highly protective New York State thermal cri-

teria. 

Because of the offshore discharge location, the rapid dilution induced by the 

diffuser, and the changing location of the plume through each tidal cycle, 

shallow shoal and shore habitats in the vicinity of the Bowline Point plant 

are only exposed intermittently to temperature elevations less than 2 C above 

ambient (Subsection 3.3.1.2, Figure 3.3-1). This amount of temperature change 

is within the range of naturally occurring channel-to-shore, diel, and day-

to-day temperature variations experienced by aquatic life that occur within 

the Hudson River estuary (Subsection 3.1.3.2). 

The river bottom and associated aquatic life (benthos) in the vicinity of the 

Bowline Point plant thermal discharge are protected in the spring, summer, and 
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fall seasons from temperature elevations greater than 2.2 C (4 F) above ambi

ent because of the 50 angle of the discharge away from the bottom, rapid 

induced dilution, and the natural buoyancy of the plume (Subsection 3.3.1.4). 

During cold winter ambient river temperature conditions «4 C [7.2 FJ, it is 

expected that the plume would sink rarely, if at all, because of salinity 

gradients, temperature, and density differences present in the river in the 

vicinity of Bowline Point. A survey conducted to specifically evaluate the 

behavior of the plume under winter conditions (10 January 1973), in fact, in

dicated that even in the absence of a vertical salinity gradient the plume did 

not sink but more typically exhibited neutral buoyancy with uniform tempera

tures extending from surface to bottom, and affecting as much of the bottom as 

the surface (LMS 1978:p. 4-19 - 4-20). 

Analyses of the 2.2 C (4 F) surface temperature rise isotherm, as required to 

evaluate compliance with New York State thermal criteria, indicate that the 

area bounded by this isotherm is minimal and is restricted to the deeper 

open-water portion of the river (Subsection 3.3.1.2, Figure 3.3-1). This open 

water is inhabited by small nonmotile or weak-swimming plankton and the larger 

nekton consisting mostly of fish and some invertebrate animals. The maximum 

percentages of river cross-sectional area and surface width within the 2.2 C 

(4 F) isotherm, based on field thermal survey measurements, were 5.5 and 7.9 

percent, respectively (Subsection 3.3.1.1, Table 3.3-1). Therefore, more than 

90 percent of the river cross-section and surface width remain available as 

safe zones of passage according to the 2.2 C (4 F) criterion, even during 
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plant operation approaching maximum capacity (93-98 percent)* (Subsection 

3.3.1.1, Table 3.3-1). It is inferred by the New York State thermal criteria 

that the aquatic community will be protected if no less than 50 percent of the 

river cross section and 34 percent of the river surface width remain available 

as safe zones of passage (i.e., are characterized by temperatures no more than 

2.2 C [4 F] above ambient). 

The New York State thermal criteria state that: 

From July through September, if the water temperature at the surface of 
an estuary before the addition of heat of artificial origin is more than 
83 F, an increase in temperature not to exceed 1.5 Fahrenheit degrees at 
any point of the estuarine passageway ••. may be permitted. 

Temperature measurements taken daily, or several times a day, at USGS monitor-

ing stations located at MP 43 near Bowline Point during October 1959 to Febru-

ary 1969 indicate a maximum ambient river temperature of 27.2 C (81 F) (Sub-

section 3.1.3.2, Table 3.1-4), These data represent the most extensive ambi-

ent temperature records available for the Bowline Point vicinity and, in fact, 

may be warmer than the expected river-wide ambient owing to the likelihood of 

increased solar heating and reduced mixing at the specific monitoring sites 

(Subsection 3.1.3.2). Based on this 10-year record, ambient river tempera-

tures of 28.3 C (83 F) (before the addition of artificial heat) have not oc-

curred and are not expected to occur in the vicinity of Bowline Point. Thus, 

the 0.8 C (1.5 F) temperature increase limit is not applicable to the Bowline 

Point plant. 

* The more conservative mathematical model predictions (Subsection 3.3.1.3, 
Table 3.3-4) indicated a maximum river cross-sectional area and surface 
width bounded by the 2.2 C (4 F) isotherm of 7 percent and 31 percent, 
respectively (at maximum plant capacity). Based on these results, 93 and 
69 percent of the river cross section and surface width, respectively, 
remain available for safe passage of organisms according to the 2.2 C 
(4 F) criterion. 
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3.4.2 Discharge Velocity - Temperature Relationships 

Fish would not be exposed to discharge temperatures greater than 4.3 C (7.7 F) 

above ambient for extended periods of time because of the high velocities in 

the immediate vicinity of the discharge (Subsection 3.3.1.4, Figure 3.3-3). 

Critical swim speed data (Table 3.4-1) indicate that discharge velocities 

greater than 4 fps are unlikely to be continuously negotiated by most fishes 

occurring near Bowline Point. As indicated in Subsection 3.3.1.4, the velo-

city of the discharge flow decreases from about 15 fps to 4.3-6.0 fps within 

approximately 40 ft or less (5-10 seconds) of the diffuser port (Figure 3.4-1); 

the temperature of the discharge water upon reaching velocities less than 4.3-

6.0 fps is correspondingly reduced from the maximum induced condenser tempera-

ture rise to 2.4-4.3 C (4.3-7.7 F) above ambient. 

Thus, the 4.3 C* (7.7 F) isotherm represents the maximum discharge temperature 

increase above ambient at which fish can maintain themselves for a sufficient 

time to acclimate to it, or for potential thermal effects to occur. During 

the majority of time, this maximum habitable isotherm is lower since the fre-

quency plot of maximum surface temperature rises measured within the thermal 

plume (Subsection 3.3.1.3, Figure 3.3-2) indicates that surface temperature 

rises of >4.2 C (7.5 F) occur less than 1 percent of the time. 

In addition to the fact that temperatures ~4.2 C (7.5 F) occur rarely, the 

area of the plume that would be affected by such temperature elevations is 

extremely small and would encompass a maximum surface area and volume of less 

* This temperature is the highest maximum surface temperature rise recorded 
during field surveys of the Bowline Point plant's thermal plume (Subsection 
3.3.1.1, Table 3.3.1); it was recorded on 18 June 1975 at a plant operating 
capacity of 93.8 percent and a river ambient temperature of 23.1 C (73.5 F). 
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TABLE 3.4-1 CRITICAL SWIMMING SPEEDS AT VARIOUS TEMPERATURES REPORTED 
FOR SELECTED HUDSON RIVER FISHES. 

Acclimation Fish Length Critical Swim 
Temperature Range Speed Range(a) 

Soecies Range (C) (TL in mm) ( ftlsec) References . 

White Perch 5.0-27.0 70-221 0.75-3.76 Meldrim et ale 
C 1974 :95-97) (b) 

Terpin et ale 
( 1977 : 51) ( c) 

Atlantic 
silversides 5.0-26.0 61-123 0.26-2.46 Wyllie et ale 

(1976 :50-51) (c) 

Meldrim et ale 
(1974:101-102)(b) 

Striped bass 9.0-26.0 107-224 0.75-4.01 Meldrim et ale 
(1974:111)(b) 

Terpin et ale 
(1977:51)(c) 

Weakfish 10.0-25.0 100-165 1.16-2.11 Terpin et al. 
(1977:52)(c) 

Bluefish 20.0-26.0 80-191 1.55-3.22 Wyllie et ale 
(1976:52)(c) 

Terpin et ale 
(1977:49)(c) 

Bay anchovy 5.0-25.0 53-95 0.40-1.38 Wyllie et ale 
(1976:47)(c) 

Terpin et al. 
(1977:49)(c) 

(a) Critical swim speeds were determined as the highest velocity at which 
a fish could maintain itself for a 10-minute test period as velocities 
were increased in increments of 0.1 ft/sec every 10 minutes from an 
initial velocity of 0.1-0.5 ft/sec until the fish was unable to swim 
against the current. Critical swim speeds were calculated according 
to Brett (1964). 

(b) Test salinities range from 0.01 to 12.0 ppt. 
(c) Test salinities range from 23.5 to 28.0 ppt. 



TABLE 3.4-1 (CONT) 

Acclimation Fish Length Critical Swim 
Temperature Range Speed Range(a) 

Species Range (C) (TL in mm) (ftlsec) References 

Atlantic 
menhaden 5.0-25.0 74-180 1.10-3.86 Wyllie et al. 

(1976:46-47)(b) 

Terpin et al. 
(1977:48)(b) 

Alewife 5.0-25.0 90-141 0.87-2.77 Wyllie et al. 
e 1976 :46) (b) 

Terpin et al. 
(1977 :48)(b) 

Blueback 
herring 10.0-21.0 83-110 0.53-1.3 Wyllie et al. 

(1976:46)(b) 

Terpin et al. 
(1977:48)(b) 

(a) Critical swim speeds were determined as the highest velocity at which 
a fish could maintain itself for a 10-minute test period as velocities 
were increased in increments of 0.1 ft/sec every 10 minutes from an 
initial velocity of 0.1-0.5 ft/sec until the fish was unable to swim 
against the current. Critical swim speeds were calculated according 
to Brett (1964). 

(b) Test salinities range from 23.5 to 28.0 ppt. 
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than 0.7 acres and 2.99 acre-ft, respectively, even during periods of high 

capacity plant operation (93 percent) and warm summer ambient temperature con

ditions (Table 3.3-2). The occurrence of fish within the warmer portion of 

the plume (>4.3 C [7.7 F]) that occupies the area within 20-40 ft of the dif

fuser ports is precluded by discharge velocities in excess of 4 fps and, thus, 

the potential for lethal stress owing to heat or cold shock is virtually elimi

nated. For this reason, most of the predictive evaluations of potential ef

fects from the Bowline Point plant's thermal discharge on juvenile and adult 

life stages of representative -important species (RIS) presented in Chapter 5 

will concentrate on the effects of plume temperatures ~4.3 C (7.7 F) above 

ambient river temperatures. 

3.4.3 Time-Temperature Exposure 

Whether aquatic organisms are adversely affected by temperatures in excess of 

specific ambient temperatures depends on both the duration of exposure and 

amplitude of the temperature rise (time-temperature exposure) relative to the 

temperature requirements and tolerance of the species or life stage of a spe

cies. The time-temperature exposure that planktonic organisms experience as 

they pass through the thermal plume from the Bowline Point plant depends on 

where they enter and leave the plume. Profiles of maximum time-temperature 

exposures that organisms would experience at various tidal conditions if they 

were entrained immediately at the point of discharge and continued along the 

centerline of the plume to the 1 C (1.8 F) isotherm are shown in Figure 3.3.5 

(Subsection 3.3.1.5). The almost instantaneous (5-10 seconds) reduction in 

plume temperature to within 2.4-4.3 C (4.3-7.7 F) of ambient greatly reduces 

the potential for adverse stress (heat shock). About 2 hours would be re

quired for passively drifting organisms in the centerline of the plume to be 
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carried from the 2.4-4.3 C (4.3-7.7 F) isotherm to the 1 C (1.8 F) isotherm, 

during which time they would be exposed to gradually decreasing water tempera

tures. Organisms entrained along the edge of the plume would experience a 

minimal exposure to elevated temperatures of only a few seconds and would be 

immediately mixed with ambient river water (LMS 1978:p. 6-3). 

3.4-9 
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CHAPTER 4: BIOTIC CATEGORY RATIONALES 

4.1 INTRODUCTION 

The aquatic community within the Hudson River estuary in the vicinity of the 

Bowline Point Generating Station includes species characteristic of both fresh 

and marine waters, as well as true estuarine forms. The species are distribu

ted along a salinity gradient that gradually decreases from the mouth of the 

estuary at New York Harbor to occasionally as far upstream as the Poughkeepsie 

area (MF 75); permanent freshwater generally characterizes the estuary above 

this point. As a result, the Hudson River estuary includes more species than 

are found within the biotic communities of anyone geographical area of the 

lower river (McFadden 1977:p. 2.59). 

The primary energy input at the base of the aquatic food web of the Hudson 

River estuary (Figure 4.1-1) is detrital material originating from watershed 

terrestrial and pollutional inputs. Primary producers include phytoplankton, 

periphytic algae, and aquatic vascular plants; however the estuary is turbid, 

and shallow light penetration is a major factor limiting plant growth. Con

sequently, photosynthesis is generally restricted to a shallow surface zone 

(the upper 3-6 ft), and vascular plants are restricted to marginal nearshore 

areas generally extending less than 100 yds from shore. Phytoplankton (small, 

floating aquatic plants), like detritus, serve as a direct source of food for 

some planktonic and benthic invertebrates and fish. Submergent and emergent 

aquatic plants are also consumed directly by certain aquatic organisms but 

probably make their greatest contribution to the food web as a detrital compo

nent when they die and decompose. They additionally provide habitat for 

aquatic invertebrates and are a source of protection for juvenile fish. 
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Figure 4. '-1. Diagrammatic food web involving various trophic levels of the Hudson River aquatic 
community (adapted from McFadden 1977: p. 4.11). 



Zooplankton (small invertebrates which occur within the water column) and 

benthic invertebrates (those found in or on bottom sediments) serve as a 

middle link in the transfer of energy and materials through the Hudson River 

food web. These organisms feed on both algae and detrital particles and sub

sequently provide food for other aquatic invertebrates and higher trophic lev

els such as fish. Fish t in turn, may be consumed by other fish t or still 

higher trophic levels (e.g., aquatic birds, mammals, and man). Various spe

cies and life stages of fish represent both primary and secondary consumers. 

Information provided in this chapter assesses the influence of elevated tem

peratures caused by the Bowline Point Generating Station's cooling water dis

charge upon major groups of aquatic organisms (i.e. t phytoplankton, zooplank

ton t macroinvertebrates t habitat formers, fish t and other vertebrate wildlife) 

that inhabit the Hudson River estuary. Evidence based primarily on nonpre

dictive near- and far-field, pre- and post-operational field surveys, as well 

as some data from laboratory and plant thermal tolerance studies (i.e., for 

biotic categories for which no RIS have been designated)t is presented to 

address specific evaluation criteria listed the Subsection 1.3.3. Much of 

the information presented herein has been synthesized from "Bowline Point 

Generating Station Near-Field Effects of Once-Through Cooling System Operation 

on Hudson River Biota" (ORU 1977). This information has application to the 

assessment of the combined influence of the entire cooling water system (i.e. t 

discharge as well as intake effects) upon specific biotic categories in light 

of all other sources of stress which may exist within the system. 
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4.2 PHYTOPLANKTON 

4.2.1 Evaluation Criteria 

This section examines nonpredictive evidence, based on field investigations 

conducted since 1970, to determine whether near- or far-field changes have 

occurred in the abundance, distribution, or community structure of phytoplank-

ton which can be attributed to the operation of the Bowline Point plant. In 

addition, some thermal tolerance data is included to provide a predictive 

assessment of possible effects of the plant's cooling water discharge on 

the phytoplankton community. The information presented is used to address 

the following evaluation criteria suggested in the 1 May 1977 draft of 

the EPA 316(a) Technical Guidance Manual (EPA 1977:p. 18): 

1. A shift towards nuisance species of phytoplankton is not likely to 
occur. 

2. There is little likelihood that the discharge will alter the indige
nous community from a detrital to a phytoplankton based system. 

3. Appreciable harm to the balanced indigenous community is not likely 
to occur as a result of phytoplankton community changes caused 
by the heated discharge. 

In the Hudson River estuary, as in most large river and estuarine environments, 

detritus, not phytoplankton, forms the base of the aquatic food web and pro-

vides primary input to the energy budget. McFadden (1977:pp. 3.12 --3.14) 

reported that approximately 99 percent of the system's energy budget is sup-

plied by watershed terrestrial and pollutional inputs, while only about 0.24 

percent is provided by phytoplankton (Table 4.2-1). As stated in EPA (1977: 

pp. 18-19): 

Areas of low potential impact for phytoplankton are defined as open ocean 
areas or systems in which phytoplankton is not the food chain base. Eco-
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TABLE 4.2-1 ENERGY INPUTS INTO HUDSON RIVER* 

Source 

Benthic plants 

Phytoplankton 

Upstream watershed 

Lower watershed 

Human effluents 

Marine 

Primary 
Production 

Total 

* Adapted from McFadden 1977:p. 3.13. 

kcal yr-1 x 109 

40 

200 

620 

80,000 

1,100 

0.17 

81,960.17 

Percent 
of Total 

0.05 

0.24 

0.76 

97.6'1 

1.34 

<0.001 

100.0 



systems in which the food web is based on detrital material, e.g., ... most 
rivers and streams are in this category. 

Therefore, in accordance with EPA's definition, the Hudson River estuary 

should be considered an area of low potential impact to phytoplankton. 

4.2.2 Rationale 

The thermal discharge from the Bowline Point plant has negligible impact on 

the Hudson River phytoplankton populations both in the far-field study area 

and within the thermal plume. 

The lack of consistent differences, local depressions, or shifts in density or 

community composition between plume, near-field, and far-field areas indicate 

that thermal additions from the Bowline Point plant have not altered the in-

digenous phytoplankton community of the Hudson River estuary. Phytoplankton 

abundance has remained relatively stable since 1971 with seasonal fluctuations 

in abundance and species composition characteristic of temperate zone aquatic 

systems. The seasonal increase in the blue-green algae population (which when 

present in great abundance has created a nuisance in other water bodies) has 

been characteristic of both pre- and post-operational years during the period 

of summer ambient river temperature. The magnitude and duration of the peak 

in blue-green algae abundance have shown no trends above typical year-to-year 

variability. 

Based on condenser entrainment studies, laboratory thermal tolerance experi-

ments, the rapid dilution of heat in the discharge area, and the rapid recovery 

and regeneration rates of algal populations, alteration of the rate of primary 

production in the thermal plume is not expected beyond the immediate vicinity 

of the discharge diffuser. Laboratory and intake-discharge survival studies 

4.2-3 



have indicated that reductions in primary productivity in excess of 10-20 

percent are not expected until discharge temperatures reach 38 C (100.4 F), 

a temperature exceeding the maximum discharge temperatures at Bowline Point. 

Below 38 C (100.4 F) no consistent enhancements or depressions of primary 

productivity are expected. 

Thus, pre- and post-operational, as well as near- and far-field studies of 

phytoplankton abundance, distribution, and species composition in the vicinity 

of the Bowline Point plant, have demonstrated that the plant's thermal dis

charge has not caused prior appreciable harm to this community. Predictive 

thermal effects studies and hydrothermal analyses of the plume further indi

cate that heated water discharged by the plant is not expected to alter the 

indigenous phytoplankton community or cause any change in the energy budget of 

the Hudson River estuary. 

4.2.3 Supportive Information 

4.2.3.1 Distribution, Abundance, and Community Structure 

Long-river seasonal trends in phytoplankton density and community structure 

were examined during 1973 and 1974 (Storm and Heffner 1976:pp. 24-26). Phyto

plankton density ranged from 105 to 107 cells per liter, and typically fluctu

ated within one order of magnitude for the whole estuary during each season 

examined. Similar long-river density trends were observed during each period 

examined (i.e., September 1973, and May, August, and October 1974). Densities 

generally increased from low levels just below Albany (MF 130-140), to a peak 

near Esopus Meadows (M? 90), and then decreased downriver to about Indian 

Point (MF 42). A second density peak usually occurred in the Haverstraw Bay 

area (MP 30-39) where the euphotic zone is increased because of changes in the 
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hydrology and physicochemical characteristics of the river in this area (ORU 

1977:p. 6.3-2). This second peak in the vicinity of Haverstraw Bay has also 

been documented by Boyce Thompson Institute (1973:Section C, p. 5). 

The composition of the phytoplankton community in the Hudson River estuary, as 

indicated by Storm and Heffner (1976), varies seasonally in a manner typical 

of temperate waters (Figure 4.2-1). During spring, diatoms (Bacillariophyceae) 

and green algae (Chlorophyta) are the major components throughout the river 

constituting about 80 and 20 percent of the community, respectively. In summer, 

green algae is most abundant, with diatoms next in importance. Blue-green 

algae (Cyanophyta), which constitute about 20 percent of the community at Albany 

during the summer, decrease in importance downstream and are absent below 

MP 30. In late September, diatoms and green algae dominate the community 

above MP 110 and below MP 30; between these points blue-green and green algae 

are dominant. In late October, the community structure is similar to that 

found in the spring; diatoms and green algae dominate the community. During 

midfall, blue-green algae are present only in the lower portions of the river 

below MP 80 and constitute less than 20 percent of the community in that area. 

These trends in density and community structure suggest that several environ

mental factors affect algal distributions--freshwater flow, salinity, light, 

and temperature. The freshwater flow, to a considerable extent, determines 

the long-river community composition above the salt front, since as a result 

of downstream transport, the composition at any point is usually reflective of 

the community structure upstream. Downstream transport of algae indicated by 

the August-October shift in blue-green algae (ORU 1977:Section 6.3) is further 

documented in QLM (1966 supplement), and Heffner (1974:p. 14). The influx of 

saline water in the lower portion of the river, which is controlled partially 
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by freshwater flow, is accompanied by an influx of marine algal species (Boyce 

Thompson Institute 1973:Section C, p. 8). Changes in abundance and community 

structure (Figure 4.2-1) between MP 30 and 45 are indicative of the highly 

variable nature of the aquatic environment resulting from the intrusion and 

mixing of the saline water mass in the area (TI 1976b:p. IV-2). The influ

ence of light and temperature are interrelated since both vary in similar sea

sonal patterns. Green and blue-green algae are favored in the warmer months 

when light levels are generally maximum. Diatoms, on the other hand, are fa

vored in the cooler months when light is reduced from maximum summer levels. 

No local depressions in long-river phytoplankton abundance or changes in com

munity structure were apparent in the vicinity of the Bowline Point plant's 

heated discharge. Most of the 200 taxa identified in the phytoplankton commu

nity in the vicinity of the Bowline Point plant from 1971 through 1976 were 

representative of the green algae, blue-green algae, and diatoms (ORU 1977: 

pp. 6.1-7 - 6.1-17). Although the number of taxa identified increased each 

year due to changes in laboratory procedure and sample design, the pattern of 

seasonal succession among these three major groups remained similar between 

years (Figure 4.2-2) and was consistent with long-river patterns. 

Annual abundance in the vicinity of the Bowline Point plant is bimodal with 

spring and fall peaks (Figure 4.2-3). Composition during these peak abundance 

periods is dominated by diatoms and green algae (Figure 4.2-4); during the 

summer abundance decreases and the community is dominated by the more heat

tolerant green and blue-green algae. Annual variation in the time and magni

tude of abundance peaks and relative abundance is influenced by annual varia

tion in temperature and conductivity. Highly variable conductivity in the 

Bowline Point area in 1976 may have influenced the erratic shifts in rela-
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tive abundance of the three dominant phytoplankton groups. Although comparison 

of phytoplankton abundance demonstrated spatial variability in the vicinity 

of the Bowline Point plant, no consistent differences were apparent between 

the plume and thermally unaffected areas (ORU 1977:p. 6.1-54). Seasonal 

abundance and relative abundance patterns were similar during the post

operational period from 1973 through 1976. In general, seasonal variability 

was much greater than spatial variability and no plume or near-field effects 

of once-through cooling at the Bowline Point plant were discerned. 

No major spatial shifts in abundance or changes in species composition of the 

most abundant taxa could be related to the discharge of heated water from the 

Bowline Point plant. ORU (1977:pp. 6.1-34 - 6.'1_51) identified the five most 

abundant species for each sample collected during the 4-year period from 1973 

through 1976 and noted that the dominant species during each sampling period 

were present at all or most stations and were representative of the major phy

toplankton groups expected at that time. No differences were evident in the 

spatial distribution of the most abundant species within years, and while dif

ferences between years were apparent, eleven genera were dominant and common 

to all 4 years (1973-1976). All but one of the eleven dominant genera were 

indicative of the high organic loads in the Hudson River. 

Blue-green algal abundance and distribution have not changed significantly due 

to thermal discharges from the Bowline Point plant. Blue-green algae--gener

ally considered nuisance species and associated with high phytoplankton con

centrations in eutrophic conditions, planktonic fouling of drinking THater, and 

occasional toxicity in high abundance--were a dominant component of the commu

nity from mid-August through late October in all four postoperational years. 

Phytoplankton collections from the Indian Point near-field area (MP 39-43) 
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indicate that the same pattern existed in 1970 and 1971 prior to the operation 

of the Bowline Point plant (Figure 4.2-2). Since no near-field effects were 

found in this area due to operation of Indian Point Unit I (Con Edison 1977: 

p. 6.4), these data are considered to be representative of the preoperational 

phytoplankton community in the vicinity of the nearby Bowline Point plant. 

The increase in blue-green algal abundance in the Hudson River estuary is a 

seasonal trend associated with maximum summer temperatures and also indicative 

of high organic loading. In the vicinity of the Bowline Point plant, this 

trend has not been found to be substantially different during pre- and post

operational years or between plume, near-field, or far-field study areas. 

Seasonal patterns therefore indicate that the thermal discharge from the Bow

line Point plant has not increased the seasonal duration or abundance of blue

green algae. 

There is no evidence to indicate that the heated water discharged by the Bow

line Point plant has altered the phytoplankton community structure within the 

near-field area. Three techniques were used to evaluate effects of operation 

of the Bowline Point plant on community structure: diversity, cluster analysis, 

and niche breadth (ORU 1977:p. 6.1-55). These analytical techniques were 

used for 1976 data, which would be expected to exhibit any potential effects 

of the thermal discharge following 3 years of operation at the Bowline Point 

plant. Cluster analyses based on presence/absence of taxa and percent simi

larity indicate that no significant plume-related spatial variation occurred 

in taxonomic associations. From August through November the sample site 

located farthest downriver from the plant, and exposed to highest salinity, 

demonstrated low temporal variability compared with all other sites. Analysis 

of percent similarity indicated that this difference was due to presence or 

absence of nondominant taxa at the southern station. Niche breadth, which is 
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a measure of the diversity of sampled habitats in which a species is found, and 

the evenness of the species' distribution, indicated that the seasonality of 

the major taxa decreased in the following order: blue-green algae, diatoms, 

and green algae. Shannon diversity indices, which may be used to identify 

changes in community structure in response to perturbations of that community, 

also indicate that temporal rather than spatial changes are more characteris

tic of the community structure in the Bowline Point plant plume and near-field 

areas. Diversity was low in the diatom-dominated spring community, increased 

to a maximum during the fall when the community was dominated by green and 

blue-green algae, and subsequently declined through winter. 

4.2.3.2 Thermal Tolerance 

Condenser entrainment studies conducted at the Bowline Point plant (EA 1977b: 

p. 2-2) indicate that the exposure duration and temperatures experienced by 

phytoplankton entrained into the thermal plume should not cause significant 

changes in photosynthetic production. Phytoplankton viability and productiv

ity (as measured by carbon-14 uptake, carbon assimilation per unit chloro

phyll, pigment concentrations, adenosine triphosphate levels, and flourescence 

microscopy) following entrainment were slightly reduced initially, but were 

not reduced 24 hours following collection. The recovery during the latent 

effects period may have resulted from the high reproductive capacity of most 

phytoplankton species. Since condenser entrainment involves mechanical as 

well as thermal stresses, and since the observed reductions due to conden-

ser entrainment did not correlate with discharge temperatures, this suggests 

that the reductions observed were not a function of thermal stress. The small 

decrease in productivity observed during condenser entrainment survival stud

ies therefore probably overestimates the effect which could be expected during 
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plume entrainment. Thus, the thermal effects on phytoplankton entrained in 

the Bowline Point plume should be negligible. 

The upper lethal temperature threshold for algae varies with species; however, 

Patrick (1969) reported that the lethal temperatures for most species ranged 

from 33.1 to 45.0 C (91.6 to 113 F) with the majority near 43.9 C (111 F). 

These lethal temperatures generally exceed maximum thermal plume temperatures 

at the Bowline Point plant. NYU (1974:p. 73) reported consistent reductions 

in phytoplankton productivity following 60-minute exposures to temperatures in 

excess of 38 C (100.4 F) after a relatively rapid temperature increase of 7 C 

(12.6 F) or more. Reductions in productivity due to 6-, 33-, and 60-minute 

exposures to an instantaneous 8 C (14.4 F) increase occurred only when test 

temperatures exceeded 30 C (86 F) (NYU 1975:p. 99). The results of condenser 

entrainment studies at various Hudson River power plants revealed inconsisten

cies in the effects of entrainment on phytoplankton survival and productivity 

at discharge temperatures between 28 and 35 C (82.4 and 95 F) (EA 1977b: 

p. 2-5), thus indicating that there was no clear dependence of productivity on 

discharge temperature. It was concluded that substantial reductions (greater 

than 10-20 percent) in productivity are not likely to occur at discharge tem

eratures below 38 C (100.4 F). Therefore, the entrainment of phytoplankton 

into even the warmest waters of the Bowline Point plant's thermal plume should 

not result in reductions in productivity. 
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4.3 MICROZOOPLANKTON 

4.3.1 Evaluation Criteria 

Microzooplankton generally have limited motility; their vertical and horizon-

tal movement is mainly determined by water currents. Consequently, they are 

susceptible to entrainment within discharge plumes. Zooplankton may be herb-

ivores, carnivores, or detritivores and are an important food source for 

higher trophic levels, in particular, young-of-the-year fishes (TI 1976a: 

pp. V-16 - V-17i LMS 1974a:pp. VI-75 - VI-BOj LMS 1974b:pp. IV-151 - IV-155). 

In this section, primary emphasis is placed upon an examination of nenpredic-

tive data relating to microzooplankton abundance, distribution, and community 

structure within the Hudson River estuary to determine whether there is any 

indication that the thermal plume from the Bowline Point plant has caused 

prior appreciable harm to populations of these organisms. The information 

presented is.based upon pre- and post-operational, near- and far-field 

stUdies conducted in the Bowline Point vicinity since 1971. In addition, 

some thermal tolerance data are included to predictively assess possible 

effects of the plant's cooling water discharge on these organisms. 

This section is intended to provide resolution to the following evaluation 

criteria suggested in the 1 May 1977 draft of the EPA 316(a) Technical Guid-

ance Manual (EPA 1977:p. 20): 

1. Changes in the zooplankton community in the primary study area that 
may be caused by the heated discharge will not result in appreciable 
harm to the balanced indigenous fish and shellfish population. 

2. The heated discharge is not likely to alter the standing crop, rela
tive abundance, with respect to natural population fluctuations in 
the far-field study area from those values typical of the receiving 
water body segment prior to plant operation. 
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3. The thermal plume does not constitute a lethal barrier to the free 
movement (drift) of zooplankton. 

4.3.2 Rationale 

The Bowline Point thermal discharge has caused no appreciable harm to the 

microzooplankton community in the plant vicinity. Based on comparison and 

analysis of field data collected in the vicinity of the Bowline Point plant 

from 1970 to 1976, there is no indication that the plant's cooling water dis-

cnarge has affected seasonal trends in abundance, distribution, or species 

succession of microzooplankton within the lower Hudson River estuary. No 

consistent differences were found between plume, near-field, and far-field 

stations, and occasional variation observed reflected naturally occurring en-

vironmental phenomena. Data from recent field surveys (1975-1976) conducted 

in the area of Bowline Point, and earlier surveys (1970-1971) conducted just 

north of Bowline Point, show no postoperational trends in seasonal succession 

or relative abundance of microzooplankton which are inconsistent with those of 

the receiving waterbody prior to plant operation. 

Condenser entrainment survival studies, laboratory thermal effects experi-

ments, and hydrothermal analyses of the Bowline Point plant's discharge plume 

(Chapter 3) demonstrate that any potentially stressful thermal conditions are 

confined to an extremely small area immediately adjacent to the discharge dif-

fuser and exist only during the period of summer maximum ambient temperatures. 

Because of the rapid dilution of heat affected by the high-velocity discharge 

diffuser, organisms entrained into the plume directly in front of the diffuser 

are exposed to maximum discharge temperatures for only about 5-10 seconds. 

Based on the temperature tolerance of representative species of microzooplankton, 

plume entrainment is expected to result in little microzooplankton mortality. 
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The limited river width and cross-sectional area encompassed by the 2.2 C 

(4 F) isotherm make it unlikely that the Bowline Point thermal plume would 

have any far-field adverse effects. Due to its small size, the thermal plume 

does not constitute a lethal barrier to the free movement (drift) of micro

zooplankton. 

Microzooplankton are a key segment in the aquatic food web and serve as a link 

between primary producers (phytoplankton) and higher trophic levels, such as 

fish. They also serve as food for other zooplankton. Since no appreciable 

alteration of the microzooplankton community has been detected in the vicinity 

of the Bowline Point plant or is predicted based on laboratory thermal effects 

studies and plume hydrothermal analyses, no adverse effects on normal preda

tor-prey relationships is expected between microzooplankton and the other tro

phic levels with which they interact. Consequently, the Bowline Point thermal 

discharge is expected to cause no appreciable harm to microzooplankton commu

nities, or to the communities of organisms that depend on microzooplankton as 

a food source. 

4.3.3 Supportive Information 

4.3.3.1 Distribution, Abundance, and Community Structure 

The invertebrate microzooplankton community (organisms small enough to pass 

through a 571-~ mesh net) of the Hudson River estuary described by ORU (1977: 

pp. 7.3-2 - 7.3-10) varies from a predominantly marine aggregation in the 

lower estuary to a freshwater community in the upper estuary (Table 4.3-1), 

A transition zone marked by a mixture of both marine and freshwater species 

occurs from approximately MP 40 to MP 45, a region of highly variable salin

ity. During periods of high freshwater flow (greater than 23,000 cfs at the 
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TABLE 4.3-1 DOMINANT MICROZOOPLANKTON TAXA AT SPECIFIC POINTS IN HUDSON RIVER ESTUARY* 
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Troy Dam) the freshwater or oligohaline community typical of the upper estuary 

dominates the middle estuary. However, when the salt front (0.1 ppt salinity) 

extends into the middle estuary during periods of low freshwater flow, the 

microzooplankton community shifts to a mixed aggregation of brackish and 

freshwater forms. The late summer distribution of the euryhaline copepod 

Eurytemora affinis in the upper fresh or slightly brackish areas and the 

restriction of the distribution of the marine copepod Acartia tonsa to more 

saline areas behind the salt front demonstrate these spatiotemporal patterns. 

Detailed descriptions of the spatial and temporal distributions of several 

dominant planktonic species in relation to salt-front movement are presented 

in ORU (1977:pp. 7.3-3 - 7.3-10), and further document the effect that salt 

balance in the partially mixed estuary (Hansen 1967:p. 45) has on the longi

tudinal microzooplankton community composition. The Bowline Point plant is 

located near the lower end of the freshwater-saltwater transition zone and the 

zooplankton community consists intermittently of freshwater and marine species 

(ORU 1977:p. 7.3-4). The relative abundance of the major groups varies by 

season and with water temperature. Therefore, it is necessary to identify 

the seasonal patterns of abundance and composition of the community in the 

vicinity of the Bowline Point plant in order to evaluate the possible effects 

of the cooling water discharge on that community. 

Major components of the micro zooplankton community in the vicinity of the Bow

line Point plant are copepods, cladocerans, and rotifers (ORU 1977:p. 7.1-7). 

These same major groups dominate the zooplankton communities throughout the 

estuary (CHG&E 1977:Section 7.3; McFadden 1977:p. 4.5). Protozoa and larval 

stages of Mollusca and Annelida were occasionally collected during surveys con

ducted from 1971 to 1976 but were not abundant components of the community. 
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The postoperational (1975 and 1976) seasonal succession patterns in the vicin

ity of the Bowline Point plant reported by ORU (1977:p. 7.1-37), closely 

resemble far-field abundance patterns during the preoperational period (1970 

and 1971) described by Lauer et al. (1974:p. 56). The microzooplankton commu

nity gradually increases from minimum abundance in winter to peak abundance in 

early summer and midsummer followed by a gradual decrease in late fall to the 

small winter population once again. Copepod nauplii (immature life stage) 

and postnaupliar copepods dominate the community during all seasons; abundance 

of nauplii increases through late summer as adults reproduce, then decreases 

as recruitment to the adult population occurs. Freshwater cyclopoid copepods 

(e.g., Halicyclops fosteri) are predominant throughout most of the year except 

during periods of low freshwater flow (late summer/early fall) when the more 

salinity tolerant calanoid copepods (e.g., !. tonsa) increase in abundance. 

Maximum cladoceran abundance occurs during midsummer but rarely constitutes 

greater than 10 percent of the community. Rotifers typically show a bimodal 

peak in abundance with the genera Keratella, Notholca, and Polyarthra most 

common during the spring peak, and Keratella alone responsible for the late 

fall peak. The late summer decline in abundance occurs when salinity and tem

perature are maximum while peak rotifer abundance parallels periods of high 

freshwater flow and cooler river ambient temperatures. The seasonal succes

sion of the microzooplankton community has classically been associated with 

changes in ambient temperature, freshwater flow (and salinity), and phyto

plankton biomass (Hulsizer 1976; Heinle 1974). These same general seasonal 

and relative abundance patterns in the distribution of microzooplankton within 

the lower Hudson River estuary near the Bowline Point plant have been observed 

prior to plant operation (Lauer et al. 1974:p. 56), as well as during the 

postoperational period (ORU 1977:Subsection 7.1.3.1.2). Thus, there is no 
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indication that thermal additions from the Bowline Point plant, or the 

operation of the plant's cooling water system in general, has affected 

natural trends in seasonal microzooplankton abundance, distribution, or 

species succession within the estuary. 

Statistical analyses of total microzooplankton abundance indicate significant 

variation among years, dates, and sample sites; however, differences between 

near- and far-field sites (Figures 4.3-1 and 4.3-2) were generally not signif

icant (ORU 1977:pp. 7.1-12, 7.1-35). Cladocerans were the only microzooplankton 

consistently less abundant in the near-field zone, but this trend existed 

during both pre- and post-operational years. 

Analysis of the community structure in the 1976 near- and far-field zones by 

ORU (~977:pp. 7.1-35 - 7.1-40) corroborated the strong seasonal succession 

patterns of microzooplankton and indicated the existence of some community 

differences between the near- and far-field zones which may be partially 

related to natural environmental variables. Cluster analysis indicated intra

station similarity for three seasonal periods: May, June, November, and De

cember; July, August, September, and October; and March and April. These as

sociations indicate a community succession from an early spring to late 

spring/early summer followed by a midsummer/early fall assemblage. The late 

fall community in November and December was similar to the late spring commu

nity associations. Five major species associations were identified which re

flected the successional pattern identified by station similarity indices. The 

seasonal succession of these five assemblages of microzooplankton was partly 

influenced by changes in salinity in the vicinity of the Bowline Point plant. 

Species diversity and niche breadth indicated that no consistent differences 

existed between near-field and far-field stations except in March, April, and 
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Figure 4.3-1. Abundance of total microzooplankton in the vicinity of the 
Bowline Point plant-1973-1976 (from ORU 1977:p. 7.'-15). 
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May. During this period, the community composition differed with several taxa 

(five in March, three in April, and two in May) occurring only in the near

field area (ORU 1977:pp. 7.1-46 - 7.1-48) indicating the existence of spatial 

variation in the spring community. In addition, the presence of the brackish 

copepod (~. affinis) during April and the marine copepod (!. tonsa) during May 

only at the far-field sites is probably influenced by the presence of denser 

saline water at the deeper far-field channel stations. 

Thus, spatial differences in the vicinity of the Bowline Point plant generally 

reflected variation in natural physicochemical variables. Seasonal trends in 

microzooplankton community structure, distribution, and abundance in the vi

cinity of Bowline Point are consistent with those that typically occur within 

temperate estuaries. Occasional variation between populations within and out

side the area of the thermal plume is attributed to periodic changes in natu

ral environmental factors (e.g., salinity) and does not appear to be caused by 

plant operation. 

4.3.3.2 Thermal Tolerance 

Condenser entrainment and laboratory thermal effects studies indicate that the 

major microzooplankton species found in the vicinity of the Bowline Point 

plant have considerable tolerance to elevated temperatures. Tests to deter

mine the survival of microzooplankton following condenser entrainment at the 

Bowline Point plant were conducted in 1975 and 1976. Entrainment durations 

varied from about 5.3 to 7.4 minutes depending on pump mode (EA 1977a: 

p. 4.2-16), and organisms were retained approximately 5 minutes at elevated 

temperatures in the sampling device. Results of these tests indicated high 

initial as well as latent survival. Mean initial entrainment survival calcu

lated for total microzooplankton was 82.7 percent in 1975 and 95.5 percent for 
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1976. Mean 48-hour latent survival was 80.1 and 93.9 percent, respectively. 

No relationship was observed between entrainment mortality and discharge tem

peratures up to 37 C (98.6 F; the highest temperature tested), although a cor

relation was found between mortality and pumping mode. Thus, a significant 

portion of the estimated mortality was apparently caused by nonthermal (i.e., 

mechanical and pressure) stresses incurred during passage through the cooling 

water system (EA 1977a:pp. 4.2-19 - 4.2-36). Condenser entrainment studies at 

four other power plants located along the Hudson River estuary produced simi

lar microzooplankton survival data (EA 1977b:p. 3-1). 

The upper thermal tolerance threshold (TL95) of several major microzoo

plankters of the Hudson River estuary was examined by Lauer et al. (1974: 

p. 66). For Halicyclops fosteri, Bosminia longirostris, Eurytemora affinis, 

and Acartia tonsa acclimated to a summer ambient temperature of 24.6 C 

(76.3 F), upper lethal thermal thresholds observed for 15-minute exposures 

were 36.0 C (96.8 F), 34.7 C (94.5 F), 34.0 C (93.2 F), and 35.0 C (95.0 F), 

respectively. The thermal thresholds for 30-minute exposures were about 1 C 

(0.55 F) lower. In both cases, temperatures leading to 50 percent mortality 

of the species tested were about 2-3 C (3.6-5.2 F) higher than the threshold 

temperatures. 

Short-term exposure (5-10 seconds) to elevated temperatures of up to about 

35 C (95 F) during summer ambient conditions should therefore have little 

effect on the survival of microzooplankton found in the area of the Bowline 

Point plant. Temperature elevations of this magnitude would be expected to 

occur within the thermal plume only during the warmest summer months and would 

be confined to an extremely small area immediately adjacent to the discharge 

diffuser. Microzooplankton entrained at the point of discharge would experi-
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ence an almost instantaneous (5-10 seconds) reduction in plume temperatures to 

less than half that of the maximum condenser delta-T (Subsection 3.3.1.4, Figure 

3.3-3), thus greatly reducing the potential for heat stress. 

The New York State thermal criteria infer that the aquatic community will be 

protected if organisms passing through no more than 67 percent of the river 

cross section are exposed to temperatures in excess of 2.2 C (4 F) above ambi

ent. Since a maximum of only 5.5 percent of the cross-sectional area was ob

served to be within the 2.2 C (4 F) isotherm during thermal surveys conducted 

at near-capacity plant operation (93-99 percent) (Subsection 3.3.1.1, Table 

3.3-1), the thermal plume of the Bowline Point plant is not expected to have 

an adverse effect upon the microzooplankton community of the Hudson River es

tuary. The high reproduction and growth rates of microzooplankton and short 

generation times enable microzooplankton populations to rapidly recover from 

any localized stresses which might occur in the immediate area of the dis

charge diffusers. 
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4.4 MACROINVERTEBRATES 

4.4.1 Evaluation Criteria 

In this section macroinvertebrates are divided into two groups based on habi

tat: macrozooplankton, those which are predominantly planktonic and epibenthic; 

and macrobenthos, those which are essentially benthic (i.e., generally occur 

on or in the bottom substrate). Each group is discussed in a separate sub

section which presents information pertaining to evaluation criteria specified 

in the 1 May 1977 draft of the EPA 316(a) Technical Guidance Manual (EPA 1977: 

pp. 23-25). These criteria are summarized as follows: 

1. Any detected reductions in standing crop of macroinvertebrates have 

caused no appreciable harm to the balanced indigenous populations 

within the waterbody segment. 

2. Any detected reductions in the components of diversity will not inter

fere with maintainence of the critical functions of the macroinverte

brate fauna in the waterbody segment or alter them from the state in 

which they existed prior to the introduction of heat. 

3. The thermal plume does not create a blockage to the free drift of 

macro invertebrate fauna. 

4. No spawning or nursery sites for important macro invertebrates will 

be adversely impacted by the discharge of heat. 

4.4.2 Macrozooplankton 

4.4.2.1 Introduction 

The macrozooplankton community (primarily organisms retained by a 571-~ mesh 

plankton net) within the Hudson River estuary includes organisms that are 
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typically dependent on water currents for horizontal movement, but may exhibit 

diurnal vertical migration patterns; some forms occasionally assume a benthic 

resting state (e.g., the cladoceran Leptodora kindti). Macrozooplankton oc-

cupy a key position in the food web as both primary and secondary consumers, 

feeding on phytoplankton and zooplankton and, in turn, serving as prey for 

other zooplankton and fish. This subsection provides a nonpredictive evalua-

tion based on field studies of macrozooplankton abundance, distribution, and 

community structure to determine whether elevated temperatures caused by the 

Bowline Point plant's thermal discharge have had any effect on the macro zoo

plankton community of the Hudson River estuary. These field studies were 

conducted in 1971 and from 1973 to 1976. The macro zooplankton species desig

nated as RIS are Neomysis americana, Crangon septemspinosa, and Gammarus spp. 

A discussion of predicted involvement of these RIS with the thermal plume at 

the Bowline Point plant, based on life history and laboratory thermal effects 

studies, is presented in Chapter 5 (Subsections 5.3.4.10, 5.3.4.11, and 5.3.4.12). 

4.4.2.2 Rationale 

The Bowline Point plant's thermal discharge has caused no appreciable harm to 

the macrozooplankton community of the lower Hudson River. Extensive field 

studies in the thermal plume near-field and far-field areas have detected 

no significant trends in the spatial distribution of macrozooplankton which 

can be attributed to the operation of the Bowline Point plant. Seasonal 

variations in macrozooplankton species composition and abundance were similar 

during preoperational (1971) and postoperational field investigations (1973-

1976) (Lauer et al. 1974; ORU 1977:Chapter 8). Thus, there have been no 

apparent reductions in standing crop or in the components of diversity as 

a result of the discharge of heat by the Bowline Point plant. 
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The limited extent of the thermal plume assures that it does not create a 

barrier to the free drift of macrozooplankton fauna. The maximum percen-

tages of the river surface width and cross-sectional area occupied by the 

plume (7.9 and 5.5 percent, respectively) are well within New York State cri

teria, which were designed to protect aquatic organisms. Furthermore, because 

of the small plume size, the potential for the plume to encompass unique spawn

ing or nursery areas for macro zooplankton is minimal. Thus, the Bowline Point 

thermal discharge has neither caused any prior appreciable harm to the macro

zooplankton community in the plant vicinity, nor is it expected to cause any 

future harm. The protection and propagation of the balanced indigenous com

munity is thus assured. 

The design and location of the discharge structure minimize the duration of 

exposure to elevated temperatures for those macrozooplankton entrained into 

the thermal plume. Cooling water temperatures drop to within 4.3 C (7.7 F) 

of ambient within 5-10 seconds after passing through the high-velocity dif

fuser ports. As shown in Chapter 5, representative important species 

of macroinvertebrates are expected to suffer no mortality as a result of 

the thermal exposure incurred during plume entrainment. The spatial dis

tribution data collected in the field investigations have revealed no re

ductions in densities in the plume area, thereby affirming the lack of 

adverse effects owing to plume entrainment. 

4.4.2.3 Supportive Information 

4.4.2.3.1 Distribution, Abundance, and Community Structure 

The macrozooplankton community of the Hudson River estuary includes predomi

nantly marine or brackish-water forms in the lower estuary and predominantly 
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freshwater forms in upstream areas. A transition zone from MP 40 to MP 65 is 

marked by highly variable salinity and a mixed freshwater and marine fauna. 

The upriver areas are dominated by amphipods (mainly Gammarus spp.), dipteran 

larvae (Chaoborus punctipennis), and the cladoceran (~. kindti) (ORU 1977: 

p. 8.4-3). During periods of high freshwater flow (low salinity), these taxa 

also dominate the middle portion of the estuary. The marine and brackish 

forms, Neomysis americana, Crangon septemspinosa, and Monoculodes edwardsi, 

are the major taxa found in the lower estuary downstream of the salt front 

(0.1 ppt salinity), and in the middle estuary during periods of low freshwater 

flow (Table 4.4-1). Descriptions of the spatial and temporal distributions of 

several dominant planktonic species in relation to salt-front movement are 

presented in ORU (1977:pp. 8.4-3 - 8.4-11). 

Five invertebrate orders and one species numerically dominated the macrozoo

plankton community in the vicinity of the Bowline Point plant during surveys 

detailed in ORU (1977:pp. 8.1-5 - 8.1-38, 8.4-11 - 8.4-16): Amphipoda, Isopoda, 

Decapoda (predominantly zoeae of the mud crab, Rhithropanopeus harrisii), 

Diptera, Cladocera (~. kindti), and Mysidacea (~. americana). Seasonal suc

cession patterns are primarily a reflection of the seasonal fluctuation of 

these five major taxa. Field surveys conducted by Lauer et al. (1974:pp. 57-

58) in the Indian Point plant near-field area (MP 39-43) during 1971 indicate 

that the same seasonal trends and relative abundance patterns existed in the 

lower estuary prior to operation of the Bowline Point plant. 

Total macrozooplankton abundance exhibited trimodal maxima (spring/summer/ 

fall) during 1971 and 1974-1976; abundance minima occurred during late 

spring and early fall (Lauer et ale 1974:p. 58; ORU 1977:p. 8.1-16). During 

the spring, abundance rapidly increases as water temperature increases. Am-
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TABLE 4.4-1 DOMINANT MACROZOOPLANKTON TAXA AT SPECIFIC POINTS IN HUDSON RIVER ESTUARY* 

______ J:~'i~ Es~~~ ___ _ 
Tappan Zoe Bowline Point 

WI'13) (HI' 31.5) 
rl'I~l~ (UIS 1916b[_ 

--------------------.-------
NeolRysis 
Gauunarus 
HOliOciUlOdos 
~l~£!lelrus 

Da~!~ 
Lep'!:od~ 
Neomysis 

~~ 

Mhldle 
Indian PoInt 

HIP 112) 
ill_19'/Sa) 

Est.uary 
Cornwallrar

(HI' 56) 
(TlI915b) 

Crustacea 

Gammal'us 
Honoculodes 
NeOmysIs--
DiaphanosolOa(c) 

GallUllill'uS 
Daphnia 
Leptodora 

Insecta 

______ l!ee.~r: J~~~'!~!:¥ _. ____ _ 
DanskamlllOl' Kingston 

(MP 66) (MF 95) 
(l.MS 1915,,) (LMS !91=-.:5b;...:.) __ 

Cyath~_~ 

!:~e.todora 
Gammarus 
Chlridotea 

l.eptodo,'a 
A.nphtP.;d/i ( b ) 
Chiridotea 
~yat~l!!'~ 

----.----~-.--------------.--.. ---.~----- - - - --

(d) (d) Chaoborus 
Tendipedldae 

Tar500-~ meal net, all other In 511-11 netting. 
(Ii) Lowor taKa not given. 
(0) I.ovell Plant arca, l.MS (1915c), 
(d) Prescnt, spec ies nol given. 

INote: Adapted from McFadden 19'f'l:p. ".6. 

Chaobol'us 
Other Diptera 

Chaoborus 
"fendlp;;dIdae 

Cel'a t ipogon 1dae 
Tendipodidae 



phipods (Gammarus daiberi and Monoculodes edwardsi) and, to a lesser extent, 

emerging dipte~an la~vae dominate the spring community. Rec~uitment of juve

niles of the isopod Chi~idotea almy~a cont~ibutes to abundance in the late 

sp~ing. As summe~ p~og~esses, total mac~ozooplankton densities level off o~ 

decline, la~gely as a ~esult of dec~eases in amphipod densities. Dipterans 

continue to increase in abundance throughout the summe~, and marine or brack

ish-wate~ fo~ms begin to appear as the salt f~ont penet~ates the middle estu

a~y. The cladoce~an L. kindti may also become dominant during ea~ly summer, 

but usually declines as salinity inc~eases du~ing late summe~. Marine deca

pods (p~ima~ily mud crab zoeae, !. ha~issii) and ~. americana may dominate the 

community du~ing the late summer and ea~ly fall months. The isopods Cyathura 

polita and Edotea triloba contribute significantly to the fall peak. As tem

pe~atures decline du~ing the fall, abundance g~adually decreases, ~eflecting 

declines in all major macrozooplankton groups. Howeve~,~. ame~icana abun

dance does not dec~ease until f~eshwater flow begins to increase and salinity 

dec~eases. In both 1974 and 1975, total macrozooplankton abundance inc~eased 

again in late fall (November-December) mainly because of increased amphipod 

abundance when salinity decreased. These seasonal abundance patte~ns a~e typ

ical of a temperate zone estuary and have displayed no consistent shifts or 

trends related to the thermal discharge from the Bowline Point plant. 

Spatial and tempo~al trends in mac~ozooplankton dist~ibution from 1975 to 1976 

(ORU 1977:pp. 8.1-38 - 8.1-51) indicate no localized ~eductions in abundance 

or changes in community composition attributable to the effects of the Bowline 

Point plant's thermal plume. Spatial distribution of total macrozooplankton 

and majo~ taxonomic groups showed near-field and far-field interstation pat

te~ns of abundance that we~e similar during both years. In 1975 and 1976, 

abundance of total macro zooplankton , amphipods, and N. americana was gene~ally 
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within or near the upper range of abundance at other river stations beyond the 

influence of the plume. Dipteran abundance was typically greater in the dis

charge area than at the channel stations, which may be caused by a greater 

rate of emergence for individual species in the shallower shoal area than in 

the channel (ORU 1977:pp. 8.1-45, 8.1-51). These data indicate that spatial 

patterns are typically influenced by natural environmental variability, such 

as salt-front movement and habitat distribution, rather than by thermal 

discharges from the Bowline Point plant. 

Total macrozooplankton, amphipod, and dipteran abundance during 1975 and 1976 

were similar between years; however, !. americana and decapods increased 

slightly while~. kindti decreased (ORU 1977:p. 8.1-50). No consistent trends 

of decreasing or increasing abundance have occurred in the vicinity of the 

Bowline Point plant which would indicate a thermally induced alteration in the 

community. 

Statistical comparisons of macrozooplankton near- and far-field community 

structure during 1974-1976 (ORU 1977:pp. 8.1-51 - 8.1-65) further indicated 

the existence of strong seasonal succession patterns and showed no consistent 

differences that could be attributed to the thermal discharge of the Bowline 

Point plant. Cluster analysis indicated intrastation similarity within the 

following seasonal groupings: early spring, late spring/early summer, mid

summer/early fall, and late fall. These associations parallel seasonal abun

dance patterns and are related to such factors as freshwater flow, salinity, 

and seasonal ambient temperature. Species diversity values indicated salin

ity-induced seasonal differences between discharge and control zones during 

1974 and 1975 that were not identified for 1976. These annual differences are 
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probably produced by year-to-year differences in movement of the salt front 

(TI 1976b:pp. IV-27 - IV-31; ORU'1977:pp. 8.1-54 - 8.1-57). 

4.4.3 Macrobenthos 

4.4.3.1 Introduction 

Macrobenthos are herein defined as the assemblage of bottom-dwelling organisms 

retained by a 420-~ mesh (No. 40 U.S. standard) seive. They represent primary 

and secondary consumer levels in the aquatic food web and, in turn, become 

food for higher trophic levels. Most of the macrobenthos groups in the vicin

ity of the Bowline Point plant and, in particular, oligochaetes and the dom

inant gastropods have little involvement with the plant's predominantly sur

face discharge plume. Dipterans have only a short period of exposure during 

emergence and egg deposition. As indicated in Subsection 4.4.3.3.1, only 

slight increases in temperature at the bottom resulting from the thermal dis

charge were encountered during the study period 1972-1976. Most macrobenthos 

taxa have very limited or no planktonic life stages which might be subject 

to drift through the primarily surface-oriented discharge plume. However, 

disruption of the integrity of producer or other consumer trophic levels could 

effectively alter the macrobenthos community structure. Therefore, data on 

far-field macrobenthos can be an indicator of general river and regional con

ditions. In addition, most macrobenthic species are not migratory in nature, 

and do not respond to adverse conditions by movement out of the area of dis

turbance. Because of this sedentary habit and the relative length of their 

life cycles, direct or indirect effects of thermal plume exposure can be more 

clearly isolated and defined for the macrobenthos than for some other trophic 

levels. 
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4.4.3.2 Rationale 

The Bowline Point plant's thermal discharge has in no way altered the community 

structure or relative abundance of the macrobenthos in the plant vicinity. 

Based on analyses presented in ORU (1977:Chapter 8) there have been no 

statistical or observed differences between near- and far-field macrobenthos 

abundance data for the years 1972-1976 which can be associated with factors 

other than natural environmental variation. Spatial and temporal distributions 

of macrobenthos have shown no trends within or between discharge and unaffected 

zones that suggest any effects of the plume on benthic organisms either 

directly or through changes in other trophic levels. 

No major spawning or nursery sites for important benthic macroinvertebrates 

have been adversely impacted by the thermal discharge from the Bowline 

Point plant. Spawning and nursery sites for macrobenthic fauna within 

the Hudson River estuary are not restricted to small geographical areas 

or unique ecological habitats. Instead, these organisms utilize a considerable 

portion of the estuary for these critical activities. Of this area, only 

a very small segment is affected by the thermal plume from the Bowline Point 

plant. Furthermore, reproduction of relatively sedentary benthic forms 

appears to have successfully continued in the area of the discharge plume 

as is indicated by plume population abundances and community composition 

similar to those occurring outside of the thermally affected area. 

Thus, the Bowline Point plant's thermal discharge has neither caused any 

prior appreciable harm to the macro benthic community in the plant vicinity, 

nor is it expected to cause any future harm. The protection and propagation 

of the balanced indigenous community is thus assured. 
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4.4.3.3 Supportive Information 

4.4.3.3.1 Distribution, Abundance, and Community Structure 

The distribution of macrobenthos in unaltered environments can be highly vari

able and is largely dependent upon characteristics of the substratum, such as 

organic content, mean particle size, and the salinity and temperature of the 

overlying water column. The benthic environment in the near- and far-field 

zones of the Bowline Point plant is described in ORU (1977:pp. 8.1-84 -

8.1-93), based on data collected between 1972 and 1976. Bottom temperatures 

varied less than 2 C (3.6 F) between stations for each sample date; however, 

only in December was this variability occasionally related to the discharge 

plume coming in contact with the bottom. Bottom sediments in the vicinity of 

the Bowline Point plant exhibited considerable annual, seasonal, and spatial 

variability due, in part, to variation in freshwater flow and river currents. 

Sediments were generally characteristic of relatively quiet water with high 

percentages of silt, particularly in deeper areas; the discharge area had a 

higher sand portion than much of the far-field zone, probably as a result of 

runoff from Minisceongo Creek, installation of the discharge, and discharge 

currents. Organic content averaged approximately 10 percent and generally 

increased from north to south and with water depth. 

The benthic community in the vicinity of Bowline Point is dominated by 

gastropods, crustaceans, dipterans, oligochaetes, and polychaetes (Figure 

4.4-1); the gastropod Amnicola spp. was the dominant taxa comprising up to 

81.3 percent of the mean total benthos of river stations. Amnicola was the 

only gastropod genus collected. This snail typically breeds in the summer; 

abundance increases through the fall and then decreases to an overwintering 

population. The shift in peak seasonal abundance from fall (1972, 1973) to 
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winter (1974, 1915) to summer (1976) was in response to increases in Amnicola 

abundance during 1974 and 1915. Because of the small size of Amnicola there 

was no such shift in peak biomass; biomass generally peaked during the summer 

except when crustacean biomass exhibited a marked increase in December 1973. 

The dominant oligochaete Scolecolepides viridis showed peak abundance in the 

late summer or fall. Dipteran larvae typically increased in numbers through 

the summer. 

Over the 5-year period (1972-1976) changes in the benthos have not been unidi

rectional; rather they have involved normal cycles with both decreases and 

increases. Total abundance reflected the abundance of the dominant gastropod 

Amnicola, which was low in 1973, increased in 1974 and 1975, and then de

creased in 1916. Polychaete, dipteran, and crustacean annual abundance fluc

tuated in a cyclic manner. Oligochaetes did not display this trend, but, as 

noted by Ristich et al. (1977:p. 261), the Bowline Point area marks the south

ern boundary of their distribution in the Hudson River because of their high 

sensitivity to increases in salinity. 

Populations of most macrobenthic species in the polyhaline mud-bottom commu

nity are quite variable on a seasonal and long-term basis, as Boesch et al. 

(1976:p. 177) found in a 16-year study of benthos dynamics in the lower York 

River estuary in southern Chesapeake Bay. The dynamics of the populations 

reflected the life histories of the individual species and long-term natural 

habitat changes. Few common species were persistent and most were either 

irruptive annuals or euryhaline opportunists responding to habitat changes. 

Boesch et al. also suggested that benthic communities in temperate coastal and 

estuarine environments are generally characterized by wide fluctuations in 

abundance of the many constituent species, but that there is a more persistent 
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qualitative composition on higher taxonomic levels such as was seen in the 

benthos community in the vicinity of Bowline Point. 

The variability seen in long-river (Table 4.4-2), seasonal, and annual distri

bution patterns in the vicinity of the Bowline Point plant is indicative of, 

and inherent in, a dynamic estuarine ecosystem that is subject to environmen

tal fluctuations on a seasonal as well as long-term basis. Long-term trends 

of abundance were similar at plume, near-, and far-field stations, which sug

gests that the community variations observed were not associated with the 

thermal discharge. The distribution trends of total benthos, dipterans, and 

polychaetes in the Bowline Point plant vicinity were similar for all stations 

(Figure 4.4-2) in and out of the zone of thermal influence. However, slightly 

lower total benthos abundance at the discharge transect during 1974, 1975, and 

1976, and higher abundance at this transect during 1973 appeared to be related 

to the distribution of Amnicola. This decrease was only slight (abundance 

still remained high) and did not significantly alter the community structure. 

A habitat preference by Amnicola for areas protected from currents, such as 

those associated with the discharge, may account for this trend (ORU 1977: 

pp. 8.1-127). 

Cluster analysis CORU 1977:pp. 8.1-136 - 8.1-144) indicated that the benthic 

community at all river stations was similar during 1973-1976 with no effect of 

depth or geographic location. Shannon diversity indices showed no significant 

differences between the far-field and discharge stations as expected from the 

consistent relative abundance of the major taxa (Figure 4.4-2) and the domi

nance of Amnicola. It is therefore apparent that no changes in the structure 

of the benthic community have been caused by the thermal discharge from the 

Bowline Point plant. 

4.4-13 



TABLE 4.4-2 DOMINANT BENTHIC INVERTEBRATE TAXA AT SPECIFIC POINTS IN HUDSON RIVER ESTUARY. 

Lower Estuary 
Tappan Zee Bowline Point 

(MP 33) (MP 31.5) 
(T1 1915c) eLMS 1916b) 

Peloscolex 
Scolecolepides 

Harpacticoida 
Cyathura 
Balanus 
Leptocheirus 

.Amnicola 
Congeria 

Nematoda 

Peloscolex 
Limnodrilus 
Hypaniola 

Harpacticoida 
Cyathura 
Leptocheirus 

Tendipedidae 

Amnieola 

Bryozoa 
Chaetognatha 

(a) From taxon list and text discussion. 
(b) Includes Tendipedidae. 

Middle Estuary 
Indian Point 

(MP 42) 
(T1 1915a) 

Cornwall 
(MP 56) 

(TI 1915b) 

Annelida 

Scolecolepides 
Limnodrilus 
Boccardia 

Limnodrilus 
Scolecolepides 

Crustacea 

Balanus 
Cyathura 
Leptocheirus 
Gammarus 

Insecta 

Tendipedidae 

Harpacticoida 
Cyathura 
Gammarus 

Tendipedidae 

Mollusca 

Amnicola 
Congeria 

Bryozoa 

Other 

Sphaerium 

Nematoda 
Bryozoa 

(e) Molluscs a major component, subdivisions not specified. 

ItNO'rE: Adap ted from McFadden 1911: p. 11.4. 

Upper Estuary 
Danskammer(a) Kingston(a) 

(MP 66) (MP 95) 
(LMS 1915a) (LMS 1915b) 

Scolecolepides 

Cyathura 
Gammarus 

Diptera(b) 

Sphaerium 
Lampsilis 

Oligochaeta 

Cyathura 

Diptera(b) 

(e) 
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4.5 HABITAT FORMERS 

The Hudson River estuary in the vicinity of Bowline Point is considered an 

area of "low potential impact tl for habitat formers. This area is essentially 

devoid of all colonial macroinvertebrate taxa that could provide a substrate 

for other trophic levels. Sedimentation and seasonal and annual variation in 

the sediment composition of the bottom substrate (ORU 1977:Subsection 3.1.1.3) 

limit the development of sessile aggregations of plants or animals. Moreover, 

the relatively turbid character of the lower Hudson River estuary limits 

rooted aquatic vegetation almost entirely to " ... shallow bays, shoals, and the 

mouths of tributaries where water depth is less than 10 ft at low tide lf (LMS 

1975c:p. VI-17). Since these limiting factors are natural characteristics of 

the aquatic environment at Bowline Point, it is unlikely that any change in 

the system will occur that would otherwise permit establishment of a faunal 

community of habitat formers or extension of the macrophyte community. 

Seasonal surveys of the littoral zone macrophyte community in the vicinity of 

Bowline Point eMF 36-42) conducted in April, July, September, and November 

1974 by LMS (1975c:pp. VI-17 - VI-21) indicated that the distribution and com

munity composition of rooted aquatic vegetation varied with seasonal fluctua

tions in river temperature. High relative abundance and diversity of macro

phytes occurred during summer and early fall commensurate with the period of 

maximum or near maximum annual temperatures, whereas little or no growth was 

evident during early spring or late fall. Myriophyllum spicatum, Potamogeton 

perfoliatus, and!. crispus were dominant throughout the study area. During 

the July survey, !. perfoliatus was the most abundant species in the northern 

portion of the study area, and the other two species were dominant to the 

south. By September, however, M. spicatum had become dominant throughout the 
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entire sampling area, and by November, macrophyte species had all but disap

peared from the Bowline Point area, with the exception of M. spicatum, which 

formed narrow bands along the shoreline. 

In view of the offshore location and rapid dilution of heat effected by the 

Bowline Point plant's high-velocity diffuser discharge, neither the nearshore 

macrophyte community (restricted by light penetration to depths of <10 ft 

below low tide), nor any shore zone emergent marshes (McFadden 1977:p. 3.2) 

come in contact with the 2 C (3.6 F) temperature rise isotherm of the thermal 

plume (Subsection 3.3.1.2, Figure 3.3.1). Consequently, the cooling water 

discharge from the Bowline Point plant is not expected to have any effect on 

either emergent or submerged rooted aquatic vegetation, the principle habitat 

formers within this portion of the Hudson River estuary. 
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4.6 FISH 

4.6.1 Introduction and Evaluation Criteria 

The effects of thermal discharge from the Bowline Point plant on fish are dis

cussed for the early life stages (ichthyoplankton) and older life stages (ju

veniles and adults). The evaluation criteria applicable to ichthyoplankton 

are those presented for microzooplankton in Subsection 4.3.1. Evaluation cri

teria for juvenile and adults are those presented below (EPA 1977:p. 29). 

Those criteria require that no appreciable harm be incurred by the fish com

munity from: 

1. Direct or indirect mortality from cold shock. 

2. Direct or indirect mortality from excess heat. 

3. Reduced reproductive success or growth as a result of plant 

discharges. 

4. Exclusion from unacceptably large areas. 

5. Blockage of migration. 

In Chapter 5, it is demonstrated that the Bowline Point thermal discharge will 

cause no appreciable harm to the balanced indigenous community as represented 

by the selected RIS. That demonstration is based on a predictive evaluation 

of thermal impact in relation to the above criteria drawing upon such data 

sources as thermal effects laboratory study results, life history and distri

bution information, and hydrothermal data pertaining to thermal discharge 

plume. The intent of the present section, in contrast to that of Chapter 5, 

is to demonstrate that the Bowline Point plant's thermal discharge has caused 

no prior appreciable harm to the balanced indigenous community, and to iden-
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tify the natural trends in abundance and community structure which have oc

curred during the period of operation of the plant. 

4.6.2 Rationale 

The fish community of the Hudson River has not suffered prior appreciable harm 

because of the thermal discharge from the present once-through cooling system 

at the Bowline Point plant. The normal movement of the major fish species to 

deeper channel areas in the fall has not been altered and no winter concentra

tion of fish has been observed in the discharge area. 

Data presented in ORU (1977:Chapter 10) indicate that the Bowline Point 

plant's thermal discharge has not altered the rate of sexual maturation or 

fecundity of the major species found in the vicinity. Furthermore, the data 

also indicate that no consistent differences exist between growth rates in the 

near- and far-field areas. Trends and fluctuation in rate of growth in the 

first 2 years of life have generally existed since 1971, prior to operation of 

the Bowline Point plant. 

McFadden (1977), ORU (1977), and TI (1976c) have demonstrated SUbstantial an

nual variability in fish egg and larval distribution and abundance in the Hud

son River estuary in response to environmental variables (salinity, freshwater 

flow, ambient temperature). There is no evidence which indicates that abun

dance of the early life stages of any species has decreased as a result of 

thermal discharges from the Bowline Point plant. Furthermore, field data in

dicate that the principal spawning areas of migratory species, such as striped 

bass, Atlantic tomcod, and clupeids, are located north of the thermal plumes 

from the Bowline Point, Lovett (MF 42), and Indian Point (MF 43) plants, and 

that egg and larval abundance have remained relatively stable. This supports 
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the conclusions that spawning migrations have not been disrupted by the ther

mal discharge. 

For most of the RIS which spawn in the Hudson River, areas of peak spawning 

and maximum egg and larval abundance are not located in the immediate vicinity 

of the Bowline Point plant. As a result of the high velocity and rapid dilu

tion at the discharge-diffuser the maximum extent of the warmest portion of 

the plume is very small. Therefore, the involvement of those species and life 

stages in the vicinity of the plant with the warmest portion of the plume is 

low. Based on the wide distribution of these species, it is apparent that the 

Bowline Point plant plume does not occupy or exclude any unique spawning or 

nursery habitats and does not interfere with the normal longitudinal movements 

of early life stages. 

4.6.3 Supportive Information 

4.6.3.1 Introduction 

This subsection presents a summary of the data available concerning the dis

tribution, abundance, and community structure of the fish populations within 

the lower Hudson River in the vicinity of Bowline Point. The purpose of this 

section is to describe briefly the important parts of the data base for the 

demonstration of the absence of prior appreciable harm resulting from the dis

charge of heat by the Bowline Point plant. 

Pertinent life history information for the more ubiquitous or seasonally abun

dant species found in the Hudson River below the Troy Dam is provided by TI 

4.6-3 



(1976c:pp. V-1 - V-183), McFadden* (1977:pp. 5.1 - 5.51), ORU (1977:pp. 9.1-62), 

and EA (1978b). A list of all species collected in the vicinity of the Bow-

line Point plant from 1971 through 1976 (ORU 1977:pp. 10.1-14 - 10.1-15) and 

their utilization of the estuary is provided in Table 4.6-1. Total numbers 

and relative abundance by year are presented in ORU (1977:Table 10.1-5). 

4.6.3.2 General Discussion 

The number of species collected in the shore zone of the Hudson River estuary 

varies seasonally in a pattern typical of temperate water bodies (McFadden 

1977:Section 5.6). Numbers increase through the spring to a midsummer maxi-

mum, then decrease through December; a similar pattern is found in deeper 

areas. This pattern is primarily a result of movement of resident species 

between the shore zone and deeper water, as well as the seasonal occurrence 

within the estuary of nonresident and marine species. The seasonal disappear-

ance and reappearance in the shore zone area of common resident species, such 

as white perch, are best explained by seasonal onshore-offshore movement in 

response to environmental variables and life history factors since many of 

these species are collected by deep water sampling gear during their absence 

from the shore zone (see McFadden 1977:p. 6.34, Figure 6.3-3). Occasional and 

seasonal marine species enter the saline portion of the lower estuary, partic-

ularly in summer and early fall; much of the increase in number of species in 

the lower portion of the estuary is due to this occurrence. Anadromous spe-

cies such as striped bass, American shad, alewife, and blueback herring enter 

* McFadden (1977:Chapter 6) provides life stage distribution maps for striped 
bass, white perch, Alosa spp., American shad, and Atlantic tomcod in the 
Hudson River estuarY:---
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TABLE 4.6-1 FISH SPECIES COLLECTED IN ALL GEAR IN THE VICINITY OF THE BOWLINE POINT PLANT 
FROM 1911 THROUGH 1916 WITH NOTES ON OCCURRENCE AND HABITAT UTILIZATION 

Year(b) 
Species Pr'lncil',,! 1I""B .. ()LJ,;"~IJ<lry(a) )9-~ 1975 1974 WlJ 121~ 

la~reys - Patrowyzontidae 
Sea lamprey 

Sturgaon3 - Aclpensorldao 
Shortn080 aturg~on 
Atlantic aturgeon 

FreshwaLel' eela - Angulllt<lae 
American eel 

lIerrlnga - Clupel<laa 
'Sluebaok hel'rinS 
-Alewife 
-Americall aha<l 
AtlantIc ~enha<len 
Gizzar<l abed 

Anchoviea - EnsraulJdae 
aSay anohovy 

Swelts - Oameridaa 
Rainbow amaH 

Pikas - £sooldao 
Chain Pickel'el 

HudllllJU\oua - lIwbridae 
Eaaterll mudmlllllow 

mllllOW" • oarps - Cyprinidae 
Goldflah 
Cal'p 
Golden shiner 
Ellluraid Idllnur 

·Spolt1l11 "hiller 
COIIWIOIl "hIller 

Suokers - Catostowl<l<lo 
WhIte "uoker 

Frellhw<lter oattlahea - Iota}urldae 
Whih o<ltU"h 
Brown bullhll<ld 

H-F Anudrolllous, 1ncidental 

H-f Llfa rasident, spawning (Sp) 
H-F Re"ident durins early years, larger 

adulta anadromouaj spawning (Sp) 

H-F Catadl'oUloua; nUl'aery adult feedills 

H-F AnadrolDou:I' "pawning (Sp); nuraery (SP-F) 
H-F Anadr08lou9; apal/nins (SIl), nur"ery (S-F) 
H-F AlladrolDoua; spaunins (Sp); nuraery (S-F) 
H-F Nursery (Sp-S); adult feeding lower ealuary 
H-f' ""r:lerY (S-W) 

H-F Life roaidbnt; apa~iing (Sp-S) 

H-F Anadromoua, "pawning (Sp), nur""ry (S-F) 

F Life I'esldenli "pawning (W-Sp) 

F Incldontal, tributal'y apaune.' 

F Lif" reaident; apawn1ns (Sp) 
F I.1fe I'eaident; spawning (Sp-S) 
F 1.lfo resident, apawning (Sp-S) 
~' Ufe ro"identj apawnili8 (Sp-3) 
F Life resident, spawning (Sp-S) 
F Life res1<lent; (ll'Jbutary "treama) 

F life resident, apawning (Sp) 

F Life reaIdentj apawni.~ (3p) 
F Ufe reaident; "pawning (Sp-S) 
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TABLE 4.6-1 (CONT.) 

Species I'dnclpal Usage of Estual'LY.c..(a~) __ _ 1916 1915 191'1 19'13 191,? 

lIakes - Hel'lucottdae 
Squl.Tel hake 

Cods - fladldae 
lAt .• antio tOlllcod 

NeedlefI3hes - Delonldae 
Allantto needleflsh 

Killiflshes - Cypl'lnodontldae 
'"anded killifish 

/1ulllllllohog 

Sllversldes - Alherlnldae 
Tidewater sllve.'side 
Allantlc sHversl"e 

Stioklehacks - Oastel'osteidae 
Fotwsplne st lokI eback 

Plpeflshes & seahorses -
5yng"at.hidae 

No,'lhe"l1 P il'ef1311 

Tempel'ale basses - I'crclchtllyldae 
'Wh Ile peroh 

'Slrlped bass 

Suuf13hes - Cenll'al'cllidae 
Rook bass 
Red breasl sunfish 

'Pumpkinseed 
Dlueglll 
Wh He craprll e 
tSl'gemolJlh bass 
Dlack or'apple 
Soia llllloulh bass 

I'e,'ches - Peroldae 
"I'osscllaled da .. ler 

Ye 11 ow pel'oh 

11IlIcfishe:J - Pomat.omldne 
'1IIuefl:Jh 

H Incidental; Marine spawner 

H-F Spawning (W); nur3ery (Sp-F); adult feeding 

H-F Nursel'y (8); adult feeding (8) 

F Ufe J'esldent; spawning (31)-5) 
H-F Ufe I'esldent; spauning (Sp-8) 

H-F L1 fe I'esidellt; spawning (81'-3) 
H-F Life resident; spawning (Sp-5) 

H-t' Life re31dellt; spawning (Sp-5) 

H-F Nursery (8) i adul t feeding (8) 

H-F AlladromolJs; spawning (Sp-5) nursery 
(Sp-F); feedins (8p-F) 

H-F Anadromousj !lpawiling (Sp) nursery 
(S-F) feeding 

F I.ife resident; spawning (5) 
F !.He reSident; spawnlllg (S) 
F !.lfe resident.; spawning (8) 
F Ufe resident; spawlling (8) 
F I.ife resident; spawning (S) 
F tife resident; spawning (8) 
F I.lfe resldent; l!pawning (S) 
F Ufe J'esidenl; spawning (S) 

F life rellidenl; spauning (8p) 
F !.Ife resident, spawning (Sp) 

H-F Nursery (5); yearling (ceding (S-F) 
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TABLE 11.6-1 (CONT.) 

Species t'rlnclpal USlige of E"t~~ __ _ 1976 19'1? 1914 .!2Il 19'12 

J"ckll .. pOillpano:l - Carltllgtdae 
Cl'evaUe Jack 

Dru .. " - Sniaellidae 
Weal'f13h 
spot 
Atlantio OI'oak"r 

CUnna,'", - l.abrldae 
Tu"Log or filaokf13h 

~~lleta - Hugilluqe 
White lIlull .. t 

Soles - Soleldae 
Illogchok6l' 

H-F ""r3el'Y (S) 

H-F Milrine 3pawner; nUt's"ry (3) 
H-F "ursery (S) 
H-F Nlwsel'Y (11) 

H Incidental; martlle ",pawner 

H "u,'"e,'y (3-1') 

H·,F Lire resident i spawning (3) 
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the river for a short period as adults to spawn in early spring and summer; 

the young may use the river as a nursery for a year or more. The young of pre

dominantly marine species, such as weakfish, bluefish (Pomatomus saltatrix), 

and Atlantic menhaden (Brevoortia tyrannus) use the river briefly as a nursery 

area after being spawned in coastal waters. A large increase of freshwater 

species occurs in the upper portion of the river near Albany. Throughout the 

rest of the river, increases in species' 'numbers occur as a result of the 

shoreward movement of resident species, longitudinal shifts in distribution 

from upstream and downstream areas, and occasional occurrence of stream spe

cies that primarily inhabit tributaries of the estuary. 

Comparison of relatively comprehensive river-wide surveys conducted in 1936 

(Greeley 1937) and 1965-1975 (T1 1977:pp. V-27 - V-29; McFadden 1977:p. 5.85) 

indicates that the fish community composition of the Hudson River estuary has 

changed little since 1936; differences observed were due primarily to rare or 

occasional occurrences, and greater sampling intensity in the later surveys. 

During the 1975 survey, 90 species were collected compared to 58 species col

lected during 1936. 

A total of 51 species were collected from 1971 through 1976 in the vicinity of 

the Bowline Point plant, ranging from 30 species in 1971 to 43 species in 1975 

(ORU 1977:p. 10.1-232). Based on bottom trawl collections from three stations 

sampled during all 6 years near the Bowline Point plant, the annual number of 

species ranged from 20 to 29 (mean approximately 26) for the 1971-1976 period. 

Although annual differences in the total number of fish collected near the 

Bowline Point plant were due primarily to changes in sampling effort (ORU 

1977:p. 10.1-13), shifts in relative abundance were apparent during the 6-year 

period (Table 4.6-2). These shifts were caused by significant, but inconsis-
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TABLE 4.6-2 RELATIVE RANKING OF THE THREE MOST ABUNDANT FISH SPECIES COLLECTED IN THE VICINITY 
OF THE BOWLINE POINT POWER PLANT FROM 1971 to 1976 -------------------

1971 1972 1973 
Rank Seecies Percent Seecies Percent ~ecies Percent 

White perch 41.3 White perch 28.6 Bay anchovy 42.3 

2 Striped bass 23.1 Bay anchovy 25.9 White perch 17.7 

3 Alewife -.2..d Atlantic tomcod 14.6 Spottail shiner 9.4 

73.6 69.1 69.4 

1974 1975 1976 
Rank Species Percent Species Percent Seecies Percent 

Atlantic tomcod 37. 7 White perch 29.0 White perch 26.9 

2 White perch 16.9 Hogchocker 22.7 Hogchoker 24.0 

3 Hogchocker 15.6 Bay anchovy 12.2 Atlantic tomcod --.l& 
70.2 63.9 58.7 



tent, shifts in abundance of marine species such as bay anchovy, bluefish, 

weakfish, Atlantic silverside (Menidia menidia), Atlantic menhaden, crevalle 

jack (Caranx hippos), and spot (Leiostomus xanthurus) which were related to 

differences in freshwater flow (salt-front location) (Tr 1976c:pp. rV-26 -

IV-30). This effect is further emphasized by comparison of the relative 

abundance of the major species near the Bowline Point plant with that in 

the freshwater area near Kingston (MP 95). At Kingston, blueback herring, 

white perch, and spottail shiner maintained the same relative rank and 

accounted for approximately 85 percent of the catch from 1971-1973 (Table 

4.6-3). At the Bowline Point plant only white perch ranked among the top 

three species in all years, although its relative rank changed from year 

to year. Changes in community composition observed in the vicinity of 

the Bowline Point plant, therefore, appear to be related to natural physi

cochemical variability (freshwater flow and salt-front movement). 

McFadden (1977:p. 5.68) reported that seasonal consistency of species richness 

in the lower portion of the river indicated that the lower estuary, particu

larly from Haverstraw Bay to Cornwall (MP 34-56), supports the most diverse 

community in the river. This diversity is a result of the distribution of 

freshwater, brackish, and marine species near the salt front. Diversity was 

determined in ORU (1977:pp. 10.1-58 - 10.1-69) for three trawl stations: one 

in the channel outside the plume influence (near field), the second at the 

discharge, and the third in a shallow shoal area inshore of the discharge dif

fuser. Generally, the Shannon-Wiener diversity values indicated that the 

shallower station had the highest community diversity, which may result from 

the movement of juveniles of many species into littoral zone nursery areas. 

No apparent difference was observed between the plume and channel stations; 

seasonal diversity varied among years but displayed no long-term trends in 
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TABLE 4.6-3 RELATIVE RANKING OF THE THREE MOST ABUNDANT FISH SPECIES COLLECTED IN THE VICINITY 
OF KINGSTON FROM 1911 TO 1973 

1971 1972 1973 
Rank Species Percent SEecies Percent ~ecies Percent 

Blueback herring 72.0 Blueback herring 32.5 Blueback herring 52.2 

2 White perch 9.0 White perch 31.9 White perch 22.2 

3 Spottail shiner ~ Spottail shiner ....l2.:.l Spot tail shiner ----L.2 
88.4 83.1 82.3 



eithe~ a~ea from 1971 to 1976. Annual va~iation appea~ed to be ~elated to 

diffe~ences in f~eshwate~ flow between yea~s, ~athe~ than ope~ation of the 

Bowline Point plant. 

Cluste~ analysis was used to evaluate community associations among stations, 

sample dates, and species (ORU 1977:p. 10.1-60). Again, the channel and plume 

stations we~e simila~ in species composition, and the insho~e station appeared 

to support a diffe~ent fish community. The level of simila~ity of the sta

tions varied seasonally and between yea~s. The greatest simila~ity occu~red 

du~ing 1971, 1972, 1975, and 1976. The~e appeared to be no postope~ational 

effect and no consistent differences between the plume station and stations 

outside the influence of the the~mal discha~ge. Analysis of species associa

tions furthe~ indicated that habitat preference may be ~esponsible fo~ simi

la~ities and dissimila~ities among the th~ee stations. Fo~ example, an asso

ciation of hogchoke~ (Trinectes maculatus), yearling and older white perch, 

Atlantic tomcod, and bay anchovy inhabited the deeper water stations typical 

of their river-wide distribution. However, brown bullhead (Ictalurus nebu

losus), tessellated darte~ (Etheostoma olmstedi), spottail shiner, and blue

back herring appeared to p~efer the shallow inshore station. McFadden (1977: 

p. 5.85) concluded that power plant operation has not appreciably changed the 

structure of the Hudson River fish community; the community appears to be di

verse and resilient, responding to seasonal ambient temperatures cycles, sa

linity changes, and differences in natural habitat. There is no indication 

of a near-field or postoperational community response to the thermal plume at 

the Bowline Point plant. 

These studies do not indicate any shift in the community structure toward one 

dominated by nuisance species. No species have exhibited sharp inc~eases in 
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abundance so as to dominate the community or reduce the successful propagation 

of other components of the community. As discussed above, the fish community 

is diverse demonstrating no substantial changes in species abundance or compe

titive balance as a result of the thermal discharge (and other relevant 

stresses) from the Bowline Point plant. 

4.6.3.3 Selected Species 

The species discussed individually in this section were selected because of 

their designation as RIS (striped bass, white perch, Atlantic tomcod, alewife, 

and bay anchovy), value as a commercial or sport fish (American shad and spot), 

or abundance in the vicinity of the Bowline Point plant (hogchoker, blueback 

herring). Detailed predictions of the influence of thermal discharge from 

the Bowline Point plant on RIS are provided in Chapter 5. 

4.6.3.3.1 Striped Bass 

The abundance of striped bass has been highly variable in the vicinity of the 

Bowline Point plant (ORU 1977:pp. 10.1-23 - 10.1-28). Much of this variabil

ity may be related to freshwater flow patterns; that is, young striped bass 

may seek areas of preferred salinity. Juveniles first occur in deeper channel 

areas near the plant in mid-June, but begin to move inshore in mid-July. 

Texas Instruments (1976c:p. V-17) reported a general downstream movement and 

concentration of juveniles in the shore zone that functioned as a nursery area 

throughout the summer. MAximum catch-per-unit effort of juvenile striped bass 

in beach seines occurred in the area of the salt intrusion, suggesting a pref

erence for low-salinity brackish water. Highest concentrations of young-of

the-year striped bass were found from Croton-Haverstraw Bay (M? 39) to the 

Tappan Zee (M? 26) area; this area has extensive shoal areas bordering the 
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deeper river channel. In late fall, as ambient river temperatures decrease 

from 20 C (68 F) to about 12 C (53.6 F), movement downstream and offshore to 

deep channel areas accelerates until no juveniles are collected in the shore 

zone after mid-November. McFadden (1977:p. 5.9) reported that many juveniles 

migrate out of the estuary in early fall, although a small population over

winters in the estuary before moving out of the river to the ocean. Thus, 

from late summer through late fall juvenile striped bass are involved with the 

Bowline Point plume because of their distribution. However, highest concen-

trations are associated with the littoral zone inshore of the thermal plume 

until offshore migrations begin in midfall. The very small cross-sectional 

extent and rapid dilution of the warmest area of the plume (Section 3.4) fur

ther limits exposure. 

Yearling striped bass appear to migrate upstream and shoreward from the Yon

kers (MF 15) area to the Cornwall (MP 57) region during the spring and summer 

(TI 1916c:p. V-29; McFadden 1911:pp. 6.23 - 6.26). Peak concentrations of 

yearling striped bass during the summer occur upstream of the Bowline Point 

plant between MP 39 and MP 61 with secondary peaks occurring north of MP 102. 

During the fall, yearlings return downstream to the Yonkers and Tappan Zee 

areas. Overwintering yearling and older striped bass are found in deeper 

channel areas of the lower estuary outside the influence of the thermal plume. 

The distribution of striped bass between the channel and shore in the vicin

ity of the Bowline Point plant generally reflects the river-wide movement of 

striped bass downriver through the fall and out of the shore and shoal areas 

by winter. In the vicinity of Bowline Point, young and yearling striped bass 

exhibited a clear preference for the shallow, inshore areas during summer and 

fall but were not collected in these areas after the offshore fall migration 
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to overwintering areas (ORU 1977:p. 10.1-52). This seasonal distribution in

dicates that striped bass are not excluded from preferred shore zone habitat 

by the thermal plume when ambient temperatures are maximum, nor attracted to 

the plume when ambient temperatures are low. Characteristic distribution and 

movement of striped bass among seasonally preferred habitats have continued 

without alteration by the Bowline Point thermal plume. 

Riverwide distributional patterns and seasonal abundance shifts provide in

direct evidence that the thermal discharge from the Bowline Point plant does 

not block the migratory routes of juvenile and older striped bass. The occur

rence of peak egg and early larval abundance north of Bowline Point indicates 

that spawning adults are able to pass through the river region of the Bowline 

Point thermal plume en route to the primary spawning areas. Furthermore, 

since the Hudson River estuary is at its greatest width near the Bowline Point 

plant, and the plume in excess of 2.2 C (4 F) is limited to a very small area 

off the west shore (Section 3.4), a large area is available as a zone of 

passage. 

First and second year growth rates declined for each year class of striped 

bass from 1968 to 1972 and then stabilized through 1975. Growth during the 

first season was variable and the greatest mean length for the young-of-the

year population in October occurred in 1973 and 1975; the smallest growth in

crement was obtained in 1972 and 1976. These patterns may be a result of bio

logical population dynamics influenced by environmental variables (ORU 1977: 

p. 10.1-147) but did not appear to be related to operation of the Bowline 

Point plant. 

Spawning adult populations enter the river in late March and April, moving 

primarily into the freshwater portions of the lower and middle estuary (MP 32 
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- MP 61) to spawn. Following spawning, the adults generally move out of the 

river by mid-June (T1 1976c:p. V-4). Since most gonadal development occurs 

outside of the river and adults only enter the river for a short period of 

time, it is not likely that the thermal discharge has in any way altered fe

cundity or reduced the reproductive success of striped bass. 

Striped bass eggs are semi buoyant and are found throughout most of the estuary 

from early May through June. Maximum egg abundance during 1973-1975 occurred 

upstream of Bowline Point between MP 39 and MP 61 (McFadden 1977:pp. 6.7 -

6.15). In the Bowline Point vicinity, ichthyoplankton sampling during 1975 

and 1976 detected no consistent differences in abundance between channel and 

shoal areas. 

The abundance of striped bass larvae in the area of the Bowline Point plant 

was similar from 1973 to 1976. Larvae were generally present from mid-May 

through July; yolk-sac larvae dominated until mid-June, when post-yolk-sac 

larvae became the predominant life stage (McFadden 1977:pp 6.6-10; ORU 1977: 

p. 9.1-26). Total larval abundance was relatively high in the vicinity of 

the Bowline Point plant; however, peak abundance occurred just north of Bow

line Point, between MP 39 and MP 55. McFadden (1977:p. 6.10) found a movement 

of larvae from the deeper channel stations to the shallow littoral zone begin

ning in mid-June and becoming more pronounced in early July as post-yolk-sac 

larvae mature. Larval abundance in the Bowline Point vicinity during 1973-

1976 was generally lowest at the east shoal station (across the river from the 

plant), and highest in the channel. The Bowline Point near-field shoal sta

tion was generally intermediate (ORU 1977:p. 9.1-32), No trends in spatial 

distributions could be attributed to the thermal discharge. 
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In summary, no appreciable harm to any life stage of striped bass can be dem

onstrated as a result of the thermal discharge (or other related stresses) of 

the Bowline Point plant. Young and yearling striped bass are not excluded 

from the discharge area by the thermal plume when ambient temperatures are 

maximum, nor are they attracted to the plume during the late fall and winter, 

when the fish migrate to offshore overwintering areas. The potential for cold 

shock is therefore minimized. The plume does not block migratory routes of 

juvenile and older striped bass, nor does it interrupt spawning migrations. 

No long-term trends in growth rates have been detected that indicate any ther

mal effects of the Bowline Point plant. Finally, no spatial or temporal dif

ferences in egg or larval distributions have occurred that can be attributed 

to plant operation. Thus, the Bowline Point thermal discharge has caused no 

prior appreciable harm to the striped bass population of the Hudson River. 

4.6.3.3.2 White Perch 

White perch was one of the most abundant resident species in the vicinity of 

the Bowline Point plant and exhibited marked seasonal distribution and move

ment throughout the estuary from 1971 through 1976. McFadden (1977:pp. 6.31 

- 6.35) and T1 (1976c:pp. V-45 - V-49) reported that early juveniles are abun

dant in areas deeper than 20 ft, particularly in the channel, until mid-July 

when movement into the shore zone (10 ft) becomes pronounced. This shoreward 

movement begins first in the upper estuary and develops downriver as summer 

progresses. When ambient river temperature decreases in the fall to 20 C 

(68 F), juvenile white perch begin to move downriver and offshore into over

wintering areas (greater than 20 ft) in the lower and middle estuary. Since 

the Bowline Point plant discharges water adjacent to the shoal area, juvenile 

white perch are exposed to the high isotherm areas of the plume only during 
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movement through the shoals between the shore zone and the channel during 

early summer and midfall. 

Yearling and adult white perch migrate upstream and shoreward as ambient river 

temperature increases to about 12 C (53.6 F) in the spring (TI 1977:p. V-72; 

T1 1976c:p. V-33). Upstream movements associated with spawning result in peak 

abundance of adults in fresh or brackish water north of Indian Point (M? 42) 

during early summer; following spawning, adults again move downstream with 

peak catches in areas of higher salinity from Haverstraw Bay south (TI 1976c: 

p. V-38; McFadden 1977:p. 5.15). Yearling white perch, like young of the 

year, reside in the middle and upper estuary until downriver migration in the 
, 

fall. Thus, yearling white perch are present in the vicinity of the plume at 

the Bowline Point plant predominantly during the spring and fall migrations. 

However, since the population appears to be stable and egg and larval abun-

dance and distribution have remained similar through the years, there is no 

indication that the thermal discharge has interfered with migration or spawn-

ing of adults. Furthermore, since a large cross-sectional area of the Hudson 

River remains unaffected by the thermal plume (Section 5.2) it is reasonable 

to conclude that no blockage to migration has occurred and that even during 

migration exposure to the plume is minimal. 

Collections in the vicinity of the Bowline Point plant generally reflect these 

river-wide movement patterns of white perch (ORU 1977:p. 10.1-52). Although 

no consistent difference in abundance between plume and river channel (outside 

of the influence of the plume) occurred, movement of young of the year and 

yearling into the shallow shore nursery areas in the spring was observed. The 

late fall movement to deeper waters also occurs with no apparent preference 

for the warmer discharge area; consequently, the opportunity for cold shock 
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is minimized. Furthermore, differences in local distribution were related to 

normal migratory behavior, not to attraction or avoidance of the plume. 

Biological characteristics and population dynamics of white perch have remained 

fairly stable in recent years and are apparently unaffected by operation of 

the Bowline Point plant (ORU 1977:p. 10.1-23). Peak abundance during the 

6-year period 1971-1976 occurred in 1971, 1972, and 1974 with lows in 1973 

and 1976. A slight decrease in abundance determined by bottom trawl collec

tions during this 6-year period may indicate a difference in longitudinal dis

tribution resulting from variation in salinity and freshwater flow or natural 

population cycles (ORU 1977:p. 10.1-23). 

Differences in mean length between discharge and control areas (ORU 1977: 

p. 10.1-59) and between control and far-field areas (TI 1976c:p. V-49) appear 

to reflect differences in movement patterns of juvenile and adult fish and 

are not the result of thermal effects on growth. That is, younger fish are 

more abundant inshore, whereas older fish move offshore and are more abundant 

in deeper areas. Mean length of age IV fish for each year class since 1968 

has been low but relatively stable, although second year growth has been some

what variable (ORU 1977:pp. 10.1-80 - 10.1-81). The similarity of growth 

rates in various areas of the river indicates that low growth rates were a 

river-wide population phenomenon not limited to the Bowline Point area. Fur

thermore, the low level of growth existed at least 4 years prior to operation 

of the Bowline Point plant, and no apparent change in the growth patterns of 

white perch have occurred since the Bowline Point plant began operation. 

Tee time of peak gonadal maturation and spawning activity of white perch in 

the area of the Bowline Point plant coincided in all years, from 1971 through 

1976 (ORU 1977:pp. 10.1-101 - 10.7-120). This indicates that no change has 
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occurred between pre- and post-operational years in the reproduction cycle or 

time of spawning. The reproductive cycle followed a similar pattern in each 

year; i.e., a period of gonadal quiescence, followed by a period of increasing 

maturity for both sexes. Generally, most gonadal maturation occurred at low 

temperatures during the winter, coincident with the slow- or no-growth period 

as indicated by meristic data. Data analyzed in 1971, 1972, 1973, and 1975 

identified no postoperational changes in age and size at which sexual matura

tion is achieved. In addition, ORU (1977:p. 10.1-113) found that white perch 

from the Hudson River exhibited what may be density-dependent fecundity values 

that were lower than other temperate populations of white perch. During 1971-

1972 and 1975-1976 the ratio of male to female white perch was found to be 1:1. 

The similarity of sex ratio, age at maturity, length distribution, and fecun

dity between pre- and post-operational periods suggests a stable white perch 

population in the vicinity of the Bowline Point plant with no apparent effect 

of thermal discharge on growth or reproductive success. 

White perch eggs are demersal and adhesive, and are found primarily in the 

bottom strata in the Bowline vicinity (ORU 1977:p. 9.1-6). During ichthyo

plankton sampling in 1974, 1975, and 1976, the first eggs were collected con

sistently in mid-May. More eggs were generally collected at the shallower 

stations than in the channel, including a shallow station in the Bowline Point 

near-field area. 

Concentrations of white perch larvae in the area of the Bowline Point plant 

fluctuated from 1973 through 1976, but larvae were generally present from 

early May through late July (ORU 1977:p. 9.1-12). Yolk-sac larvae were pres

ent until mid-June, when the majority of larvae had matured to the post-yolk

sac stage. The highest larval abundances were recorded in 1973 and 1975, al-
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though ORU suggested that low numbers in 1974 may be an artifact of the fre

quency and temporal distribution of samples. Abundance in 1976 was bimodal 

with an early summer decrease in abundance associated with abnormally high 

freshwater flow. There was no indication of lateral spatial preference for 

white perch larvae during 1973 through 1976 (ORU 1977:p. 9.1-12), although the 

channel station had the highest abundance during 1975 and 1976 peaks. 

In summary, no appreciable harm to any life stage of white perch can be demon

strated to occur as a result of the thermal discharge (or other related 

stresses) of the Bowline Point plant. No consistent differences in abundance 

between plume and nonplume areas have been detected. During the summer months, 

temperatures within the plume area do not exclude white perch, nor are white 

perch attracted to the plume during late fall when the normal movement to 

deeper waters occurs. The latter phenomenon minimizes the potential for cold 

shock. No differences in growth rates between white perch collected in plume 

and nonplume areas have been detected, nor have any overall trends in growth 

rates occurred since the first operation of the plant. The similarity of sex 

ratio, age at maturity, length distribution, and fecundity between pre- and 

post-operational periods suggests a stable white perch population with no ap

parent effect of the Bowline Point thermal discharge on growth or reproductive 

success. Finally, no spatial or temporal differences in egg or larval distri

butions have occurred that can be attributed to plant operation. Thus, the 

Bowline Point thermal discharge has caused no prior appreciable harm to the 

white perch population of the Hudson River. 

4.6.3.3.3 Atlantic Tomcod 

Atlantic tomcod abundance in the Hudson River is dependent on success of the 

young-of-the-year population; ORU (1977:p. 10.1-28) and McFadden (1977: 
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p. V-13) reported that the majority of the annual catch is composed of young 

of the year. By the end of their first year all but the smallest tomcod in 

the Hudson River are sexually mature and comprise at least 87 percent of the 

spawning population (ORU 1977:pp. 10.1-168, 10.1-199). 

Tomcod move shoreward and upstream in December and are distributed from Tappan 

Zee (MF 26) to Saugerties (MF 102) with peak spawning in the middle estuary 

near West Point eMF 52) (TI 1977:p. V-13). Spawning continues until about 

mid-January when post-spawners again move offshore and downstream. By May, 

few yearling and older fish are found in the river. Since abundance has re

mained relatively stable it is reasonable to conclude that the plume does not 

interfere with normal migration. 

Juvenile tomcod are first collected in late April, concentrated near the bot

tom in areas of low salinity CORU 1977:p. 10.1-29). By June, juveniles domi

nate all collections of tomcod in the estuary. Little or no growth occurs 

during the summer because of the cold water adaption of Atlantic tomcod; the 

seasonal pattern of growth and activity is opposite that of most other Hudson 

River fishes. Juvenile growth resumes in the fall when water temperatures 

decline, and the young approximately double their summer length by December. 

During this fall growth period, TI (1977:p. V-13) found that tomcod juveniles 

occupied the deep channel areas from Tappan Zee (MP 26) to Indian Point (MF 

42). Since the thermal plume at the Bowline Point plant is essentially sur

face oriented and occupies a very small cross-sectional area adjacent to the 

shoal, exposure of the population to the plume during summer months is 

minimal. 

The growth rate for the first year is greater than that of most other species 

in the river, attaining approximately 51 percent of age III length in 1 year 
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(ORU 1977:p. 10.1-173). First year growth rates generally declined for each 

year class from 1970 to 1973, then increased through 1975 with females always 

demonstrating a higher rate of growth than males. Growth trends were appar

ently influenced by physicochemical variables in the estuary but exhibited no 

relationship to operation of the Bowline Point plant. 

According to ORU (1977:pp. 10.1-186), gonadal maturation reaches a maximum 

level in November for males and in late December/early January for females. 

No significant difference was found in the ratio of fecundity to body weight 

from 1972 to 1975. Furthermore, no change in the reproductive cycle and time 

of spawning of tomcod was found between preoperational (1971-1972) and post

operational (1973-1975) years near the Bowline Point plant. Thus, there is no 

apparent effect of operation of the Bowline Point plant on reproductive suc

cess of Atlantic tomcod. 

Atlantic tomcod larvae generally occur in the earliest ichthyoplankton samples 

collected in mid-February and are presumably present from late January or 

early February. Yolk-sac larvae were abundant in the lower estuary from the 

beginning of March through April, which indicates that peak spawning was prob

ably well above the Bowline Point plant (McFadden 1977:p. 6.42). Peak larval 

abundance in the vicinity of the Bowline Point plant (ORU 1977:p. 9.1-40) co

incided with the river-wide peak in mid-March. During this period maximum 

concentrations occured near Poughkeepsie (MP 75) (McFadden 1977:p. 6.42). 

Abundance of post-yolk-sac larvae peaked in early April in the most downstream 

freshwater areas of the estuary, well below the Bowline Point plant, and tom

cod larvae maintained their position relative to preferred salinity (greater 

than 1,000 ~mho/cm) (ORU 1977:p. 9.1-40). McFadden (1977:pp. 6.42 - 6.43) re

ported that post-yolk-sac tomcod were more abundant in the channel than in the 
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shoals with no apparent vertical preference by yolk-sac larvae. Older larvae 

showed a preference for bottom strata that became more pronounced with matura

tion to the early juvenile stage (ORU 1977:p. 9.1-40). Peak abundance of the 

early juveniles again shifted upstream to the West Point/Cornwall regions. 

Distribution of these early life stages of Atlantic tomcod indicates that only 

yolk-sac larvae are abundant in the vicinity of the Bowline Point plant plume. 

Abundance of larval tomcod increased from 1974 to 1976, indicating that the 

population is not adversely affected during the movement of yolk-sac larvae 

downriver past the Bowline Point plant (ORU 1977:p. 9.1-40). This period of 

migration is relatively short and occurs when larvae are located primarily in 

the channel. Therefore, contact with the small area of the warmest plume tem

peratures (see Section 3.4) is negligible. Decreases in abundance between 

yolk-sac and post-yolk-sac larvae were consistent with natural mortality rates 

associated with various life stages. Consequently, it appears that the ther

mal discharge from the Bowline Point plant does not adversely affect early 

development stages of Atlantic tomcod. 

In summary, Atlantic tomcod have demonstrated no trends in abundance and dis

tribution which suggest any adverse effects from the Bowline Point thermal 

discharge (and other related stresses). No trends in growth rates or repro

ductive success have occurred which are related in any way to the thermal dis

charge. The spawning habits and preferred habitat of the species minimizes 

contact with the thermal discharge area, and therefore minimizes the potential 

for impact. Thus, the Bowline Point thermal discharge has caused no prior 

appreciable harm to Atlantic tomcod. 
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4.6.3.3.4 Alosa spp. 

The herring family, Clupeidae, is represented in the Hudson River primarily by 

the genus Alosa. The three dominant anadromous species in this genus found in 

the vicinity of the Bowline Point plant are American shad (!. sapidissima), 

alewife (A. pseudoharengus), and blueback herring (A. aestivalis). 

The major nursery areas of juvenile blueback herring during the summer were 

located in freshwater or brackish portions of the estuary (TI 1976c:p. V-74). 

Juveniles first moved into the shore zone of the middle and upper estuary in 

late June. By midsummer juvenile blueback herring were distributed throughout 

the estuary with the highest abundance north of the Bowline Point plant, from 

West Point (MP 52) to Albany (MP 145). Downstream and offshore movement be-

gins as temperatures decline in midfall, and by early December most juveniles 

(approximately 70 mm mean length) have apparently migrated to the ocean (McFad-

den 1977:p. 6.48). Consequently, vulnerability of juveniles to the Bowline 

Point plant is limited primarily to the period of fall migration. Even during 

this period, exposure is limited by the relatively small size and rapid dilu-

tion of the warmest portion of the plume (Section 3.4). 

Little distributional information is available for sexually mature blueback 

herring in the H~dson River. Blueback herring generally do not mature before 

3 years of age; spawners apparently migrate up the channel to the freshwater 

zone of the middle estuary north of the Bowline Point plant and return to the 

ocean shortly after spawning(TI 1976c:pp. V-72 - V-74). Spawning probably 

occurs in the river in or near major tributaries. Since spawning migration 

occurs primarily in the channel, vulnerability to the plume is negligible and 

blockage of migration does not occur. 
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Growth rates of juvenile blueback herring were variable for year classes from 

1971 through 1976; the poorest growth years were 1971 and 1912 and the best 

was 1914. No significant trend in growth rates was reported by ORU (1911: 

p. 10.1-212), although length attained by November during postoperational 

years, 1913 through 1916, was slightly greater than that attained during pre

operational years. Since most of the growth period is spent north of the 

Bowline Point area, it is not likely that the slight growth increase is due 

to the operation of the Bowline Point plant. 

Alewife juveniles move to the shore zone in freshwater areas of the estuary 

north of Indian Point (MP 42) during late June. <As temperatures decline in 

midfall, juveniles move offshore and migrate downstream to the ocean by Decem

ber. Sexually mature adults (Tr 1916c:p. V-48) spawn in or near small feeder 

streams and occasionally near rocky shorelines. Spawning occurred in late 

April and May in the freshwater zone primarily above West Point (MP 52). 

Spent adults are not collected in the river after mid-June. Since alewife are 

primarily located north of the Bowline Point plant except during migrations, 

they are not generally exposed to the plume except during spring and fall. 

Even during migration susceptibility is limited because of the small portion 

of the river cross-sectional area occupied by the warmest portions of the 

plume. 

Although the primary spawning areas of alewife and blueback herring are up

stream, north of Poughkeepsie (MP 75), some eggs are found throughout the es

tuary (Tr 1916c:pp. V-67 - V-71). Yolk-sac and post-yolk-sac larvae are con

centrated in the upper estuary during their period of peak abundance (mid-May 

to early June). Yolk-sac larvae are not found after June, but a few post

yolk-sac larvae can still be found in mid-August. 
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Juvenile American shad first appear in the channel and shoals in the Tappan 

Zee region in mid-May (TI 1976c:p. V-58; T1 1977:p. V-15); juveniles are not 

collected upriver until mid-June. Juveniles appear in the shoals of the mid

dle and upper river in late June and increase to peak abundance in early July; 

maximum abundance occurs between West Point (MP 52) and Poughkeepsie (MP 75). 

There was a gradual movement to the shore zone from mid-June through August. 

Abundance begins to decline during October and rapidly decreases in the late 

fall as juveniles migrated seaward. McFadden (1977:p. 5.27) reported that 

the downriver juvenile shad migration is complete by late November when fish 

have attained an average total length of 90 mm. American shad juveniles are 

therefore present in the vicinity of the Bowline Point plant plume only dur

ing the fall migration. Exposure is further limited by the small extent of 

the warmest portion of the plume. 

Adult American shad (3-6 years old) enter the river in late March and spawn 

through June, principally above Hyde Park eMP 82) (McFadden 1977:p. 5.24). 

Exposure of adults to the Bowline Point plume is negligible and their spawning 

migration is not adversely affected by operation of the plant since annual 

abundances of shad eggs and larvae have not changed significantly. 

American shad eggs are nonadhesive and semibuoyant. Since the primary spawn

ing area is in or near the mouths of tributaries north of the Bowline Point 

plant, peak egg abundance occurs near Kingston (MP 91) (TI 1976c:p. V-55; TI 

1977:pp. V-14 - V-15; McFadden 1977:p. 6.37). Consequently, there is virtu

ally no exposure of shad eggs to the plume at the Bowline Point plant. 

American shad yolk-sac larvae are rare below Poughkeepsie (MP 75), with peak 

abundance from early May through June in the channel area. Minor concentra

tions of yolk-sac and post-yolk-sac larvae were reported in the Croton-
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Haverstraw Bay area during 1973 (TI 1976c:p. V-53), which may have been asso

ciated with some limited spawning activity in or near the Croton River. Dur

ing 1974, no yolk-sac larvae were collected south of West Point (MP 52) (TI 

1977:p. V-14). Post-yolk-sac shad were most abundant in June in the Pough

keepsie (MP 75)/Saugerties (MP 102) area. These distribution patterns indi

cate that potential exposure of the early developmental stages of American 

shad to the Bowline Point plant is negligible. 

All three Alosa species appear to spawn primarily north of the Bowline Point 

plant, and, except during spring and fall migration, young of the year and 

yearlings are not exposed to the thermal plume. During these periods of mi

gration no large concentrations of Alosa spp. were observed in the vicinity of 

the plume. Consequently, the involvement of ~ spp. with the thermal plume 

at the Bowline Point plant appears to be negligible. 

In summary, the Bowline Point thermal discharge (and other related stresses) 

has had little or negligible effect on ~ spp. populations because of mini

mal exposure owing to upstream spawning, early development, and residence, ex

cept during spawning and seaward migrations. During migrations, exposure is 

minimized by the small size of the high isotherm portions of the thermal plume 

in relation to the river width and cross-sectional area. The late-fall sea

ward migration of juvenile Alosa spp. and the lack of overwintering popula

tions minimizes the potential for cold shock. Thus, the Bowline Point plant 

has caused no appreciable harm to Hudson River Alosa spp. populations. 

4.6.3.3.5 Bay Anchovy 

Bay anchovy are predominantly single age-class spawners and show large oscil

lations in abundance (ORU 1911:p. 10.1-31). This variability is influenced by 
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the flow of freshwater and the extent of saltwater intrusion into the Bowline 

Point area. The highest densities generally occur in the more saline Yonkers 

(MP 15) and Tappan Zee (MP 27) region south of the Bowline Point plant, al

though T1 (1976c:p. V-107) reported that adults were taken in the channel as 

far upriver as the Cornwall region from mid-May through October in 1973. Peak 

collections in the Croton-Haverstraw Bay area OCcur in August and were primar

ily composed of juveniles. Abundance declines sharply in the fall as juve

niles migrate to the ocean when the salt front recedes and temperatures de

cline. Because of the shift in bay anchovy abundance with the salt front, 

involvement with the plume at the Bowline Point plant is intermittent. When 

juveniles and adults are in the area, exposure is limited by the small extent 

of the warmest area of the plume. 

Available data indicate no apparent growth trend for bay anchovy related to 

the operation of the Bowline Point plant (ORU 1977:p. 10.1-214). At the end 

of the growing season, the average total length attained was lowest in 1971, 

highest in 1972, and fluctuated at an intermediate level during the post

operational years of 1973 through 1975. Bay anchovy spawn from early June to 

September. Spawning occurs south of the salt front with peak areas in 13-15 

ppt salinity (ORU 1977:p. 9.1-62). Eggs are buoyant but become progressively 

demersal with development. Sharp shifts in abundance and relatively low abun

dance during 1974-1976 in the area of the Bowline Point plant appeared to be 

related to changes in freshwater flow and salt-front location. The larvae had 

an apparent preference for shallow areas rather than the channel during 1975 

and 1976. However, because of the relationship between high salinity and dis

tribution, and the limited extent of the warmest area of the plume, exposure 

of bay anchovy eggs and larvae to the Bowline Point plant thermal plume is 

expected to be intermittent and negligible. 
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4.6.3.3.6 Hogchoker 

The hogchoker (Trinectes maculatus) was the only major species in the Bowline 

Point plant area that exhibited a consistent trend of increasing abundance 

from 1971 through 1976 (ORU 1977:p. 10.1-31). Hogchokers were most abundant 

near the bottom in shoal and channel areas. Adult distribution is partially 

related to salt-front position; adults spawn during July in higher salinity 

water (approximately 10 ppt) (TI 1976c:p. V-177). After spawning, adults mi

grate upstream in late summer to areas of low salinity (ORU 1977:p. 10.1-35). 

As the salt front recedes downstream in the fall, high concentrations of adult 

hogchoker move into the deep channel areas in the Indian Point and Croton

Haverstraw Bay area (MF 34-46) near the saltwater/freshwater interface. Adult 

hogchoker are abundant in the area of the Bowline Point plant primarily dur

ing the summer. However, since they are primarily demersal and the plume has 

little contact with the bottom, involvement with the plume is negligible. 

Juveniles were first collected during August (TI 1976c:p. V-179). Their dis

tribution extends from the Yonkers to Cornwall area (MF 14-61), but greatest 

concentrations occur in the Tappan Zee region (MP 24-33) downstream of the 

Bowline Point plant. During fall, catches progressively increase in the Indian 

Point region (MF 39-46) as juveniles migrate into this area to overwinter in 

the deeper channel waters (TI 1976c:p. V-181). Although relatively abundant 

in the vicinity of the Bowline Point plant from late summer through fall, ex

posure is minimal since, like adults, juveniles are primarily demersal. 

4.6.3.3.7 Spot 

The spot (Leiostomius xanthurus) is a commercially important fish in the 

middle and southern Atlantic states and an occasional marine migrant in the 
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Hudson River estuary. ORU (1977:p. 10.1-43) reported that spot have been col

lected in the Hudson River estuary from 1973 through the present, although 

they had not been previously reported in the river since 1896. Spot move into 

the saline sections of the estuary during the summer and ranked sixth in abun

dance in the vicinity of the Bowline Point plant during 1976; this reoccur

rence is apparently uninhibited by the thermal discharge from the Bowline 

Point plant. 
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4.7 OTHER VERTEBRATE WILDLIFE 

The effects of the thermal discharge of the Bowline Point plant on vertebrate 

wildlife other than fish are considered to be of "low potential impact" be

cause the plume does not impact large or unique populations of wildlife, nor 

do any threatened or endangered species of wildlife occur in the Bowline Point 

area. The plume does not attract migratory waterfowl or encourage them to 

remain in the area through the winter. Furthermore, as has been demonstrated 

previously in this chapter, the effect of plant operations on other biota on 

which birds feed (e.g., benthic invertebrates and aquatic vegetation) has not 

been significant. It is therefore concluded that the thermal discharge will 

not affect wildlife. 
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CHAPTER 5: REPRESENTATIVE IMPORTANT SPECIES RATIONALES 

5.1 INTRODUCTION 

T~is chapter predictively evaluates whether the present Bowline Point Generat

ing Station thermal discharge will reasonably assure the protection and 

propagation of a balanced indigenous community of shellfish, fish, and wild

life in and on the Hudson River. The method employed is to evaluate the po

tential for adverse effect of the thermal discharge on representative impor

tant species (RIS). These RIS were designated by the EPA (Subsection 1.2.2) 

as representative of the balanced indigenous community of shellfish, fish, and 

wildlife in and on the Hudson River estuary. Included in the RIS evaluations 

are the potential for mortality from cold shock; mortality from excess heat; 

reduced reproductive success or growth as a result of plant discharges; loss 

of available habitat within the discharge area owing to high temperatures; and 

blockage of migrations. Evaluations are based on hydrothermal data, plant 

operational data, and species-specific life history and thermal effects data. 

For purposes of illustration, thermal effects diagrams are presented for each 

RIS. These diagrams contain an integration of information on the occurrence 

of each life stage in the vicinity of the plant, ambient water temperature, 

discharge temperature, and thermal effects data. These integrated data are 

used to evaluate potential thermal effects produced by contact of each life 

stage with the thermally altered area. 

The arguments supporting the assertion that the selected RIS will suffer no 

appreciable harm from the heated discharge of the Bowline Point plant are pre

sented in Section 5.2. The data supporting these arguments are presented in 

Section 5.3 for the following RIS: striped bass, white perch, Atlantic tom-
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cod, alewife, white catfish, spottail shiner, Atlantic stugeon and shortnose 

sturgeon, bay anchovy, weakfish, Neomysis americana, Crangon septemspinosa, 

and Gammarus spp. 
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5.2 RIS RATIONALE 

The combination of an offshore location and a high-velocity diffuser design 

for the Bowline Point plant cooling water discharge structure minimizes the 

potential for appreciable harm to populations of selected representative im

portant species (RIS) of fish and macroinvertebrates. Because of the dis

charge location and design, thermal plume temperatures exceeding 4.3 C (7.7 F) 

above ambient are limited to a small space in the immediate discharge vicinity 

(Section 3.4.2). Within that space, diffuser current velocities exceed 4 fps 

and thereby exclude the extended residence of fish and macroinvertebrates. 

Thus, the maximum plume isotherm above ambient to which aquatic organisms may 

be exposed for more than 5-10 seconds is 4.3 C (7.7 F). 

No appreciable harm resulting from entrainment into the thermal plume of the 

Bowline Point plant is expected for any RIS. Because of the rapid dilution of 

cooling waters upon passing through the diffuser ports, plume entrainment ex

posures to full delta-Ts are limited to a few seconds. As a result, the po

tential for plume entrainment heat shock mortality is minimal. A review of 

the short-exposure thermal tolerance of each of the RIS, extensively docu

mented in Section 5.3, has shown that most species are capable of tolerating 

even the warmest plume temperatures for periods of time (5-30 minutes) far in 

excess of actual exposure duration at the diffuser. Furthermore, since actual 

exposure to peak discharge temperatures is limited to 5-10 seconds, no mortal

ity is expected even for those species whose thermal tolerance limits to 

exposures of 5-30 minutes were exceeded by the maximum discharge temperatures. 

The thermal discharge from the Bowline Point plant does not result in the loss 

of any major habitat for aquatic organisms that normally occur in areas influ

enced by the thermal plume. A review of the avoidance responses and tempera-
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ture requirements for survival of juvenile and adult life stages of the RIS, 

extensively documented in Section 5.3, has shown that in most cases the RIS 

are capable of tolerating plume temperatures up to 4.3 C (7.7 F) above ambi

ent. The noted exception was for Atlantic tomcod juveniles. However, the 

preference of this species for deeper, cooler, channel areas of the river pre

cludes any adverse impact from the predominately surface-oriented thermal 

plume. 

A review of the data available on the effects of elevated temperatures on 

early development, as documented in Section 5.3, has indicated that for most 

RIS, temperatures up to 4.3 C (7.7 F) above ambient will have no adverse ef

fects on normal hatching success. One exception was noted for the winter 

spawning Atlantic tomcod. Eggs of this species cannot tolerate extended expo

sures to temperatures above approximately 5 C (41 F). However, since few At

lantic tomcod eggs are found in the Bowline Point vicinity due to the fact 

that the predominant spawning area is located upstream, and since eggs are 

demersal and adhesive and do not come in contact with higher plume isotherms 

found near the surface, the actual impact of the plant is neglible. 

The effects of elevated temperatures on growth and performance of the RIS are 

also extensively documented in Section 5.3. The temperature ranges for opti

mum growth for many RIS are exceeded during some months by the maximum dis

charge temperature. However, since high velocities in the immediate vicinity 

of the discharge prevent extended exposures to temperatures exceeding 4.3 C 

(7.7 F) above ambient, the potential for adverse effects on growth and devel

opment of aquatic organisms is substantially minimized. The temperature range 

for optimum growth usually exceeds river ambient temperatures, particularly 

for the young fish. Juvenile Atlantic tomcod again is an exception, since 
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even the lower plume temperatures exceed optimal growth during the summer 

months. However, the preference of this species for cooler, bottom, channel 

areas precludes the potential for adverse impact. A similar situation exists 

for weakfish juveniles during summer months. Thus, the thermal discharge of 

the Bowline Point plant should have no adverse effects on the growth of RIS 

residing in or migrating through the discharge vicinity. 

The effects of the thermal discharge on reproduction are also evaluated in 

Section 5.3. Because of rapid dilution of the discharge waters and the small 

size of the thermal plume in relation to the river surface width and cross

sectional area, there exists no evidence that spawning migrations of anadro

mous species (such as striped bass, alewife, and Atlantic tomcod) are blocked 

or interrupted by the thermal plume. The fact that these species have suc

cessfully migrated into upstream spawning areas during the past few years is 

evidence that the thermal plumes of existing plants have not blocked nor in

terrupted migrations. Those species that may spawn to some extent in the Bow

line Point vicinity are not likely to be adversely affected by the thermal 

plume because of its minimal extent. Thus, the Bowline Point plant's thermal 

discharge should not appreCiably harm the balanced indigenous community 

through the disturbance of normal spawning activities. 

The potential for cold shock mortality in the event of a total plant shutdown 

during the winter months is minimized by the design and location of the dis

charge whereby high velocities prevent fish or macroinvertebrates from resid

ing in waters greater than 4.3 C (7.7 F) above ambient. Thus, the maximum 

temperature drop potentially suffered during a shutdown would be 4.3 C (7.7 F). 

All of the RIS, for which cold shock data are available, are capable of toler

ating temperature drops in excess of 4.3 C (7.7 F) to temperatures in many 
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cases as low as 0-2 C (32.0-35.6 F). Thus, the potential for cold shock mor

tality, if it exists at all, would be limited to the months of January to 

March when ambient temperatures are below 2 C (35.6 F). During this period, 

densities of those RIS that could be potentially affected by cold shock in the 

Bowline Point discharge vicinity are very low or negligible; no concentrations 

of any RIS in the thermal plume during the late fall or winter months have 

ever been detected. Therefore, considering both thermal effects and life his

tory factors, the actual cold shock potential at Bowline Point is minimal. 

Because of the low probability of both units of the Bowline Point plant 

incurring an outage at the same time (this occurred two times during January

March 1975, five times during the same period in 1976, and not at all in 

1977), the potential for cold shock is further limited. 

In conclusion, the maximum percentages of river surface width and cross

sectional area within the 2.2 C (4 F) temperature rise isotherm of the Bowline 

Point plant's thermal plume were 7.9 percent and 5.5 percent, respectively, as 

measured during field thermal surveys conducted at near-maximum plant capacity 

(Subsection 3.3.1.1, Table 3.3-1). These percentages are well within the New 

York State thermal criteria. Because of the small area encompassed by the 

2.2 C (4 F) isotherm, the predominantly surface-oriented nature of the plume, 

and the constant shifting of the the thermally elevated areas with tidal cur

rents, the cooling water discharge from the Bowline Point plant is not ex

pected to exclude any significant areas of potential habitat for aquatic or

ganisms occurring in the vicinity of the plant. Thus, the protection and 

propagation of the balanced indigenous community is assured. 
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5.3 SUPPORTIVE RIS THERMAL EFFECTS DATA 

5.3.1 Introduction 

The potential effects of the Bowline Point plant thermal discharge on RIS are 

evaluated for five thermal effects categories as recommended in the 1 May 1977 

and 30 September 1974 drafts of the EPA 316(a) Technical Guidance Manual: 

1. Temperature requirements for survival of juveniles and adults. 

2. Minimum avoidance temperature. 

3. Temperature requirements for early development. 

4. Optimum temperature for performance and growth. 

5. Thermal shock tolerance. 

Thermal effects parameters used in the evaluations are described according to 

each thermal effects category in the next subsection. 

5.3.2 Thermal Effects Parameters 

5.3.2.1 Temperature Requirements for Survival of Juveniles and Adults 

The upper limit of the temperature range permitting survival of juveniles and 

adults during all seasons is evaluated to identify areas and volumes of the 

thermal plume that are not habitable by these life stages because of excessive 

temperature. Mortality would not be expected to occur within these areas 

since most mobile macroscopic organisms actively avoid temperatures which 

cause stress (EA 1978a:pp. 3-8, 4-5). The primary thermal effects parameter 

used for this evaluation is the upper incipient lethal temperature as esti

mated by 96-hour TL50s. These upper incipient lethal temperatures represent 

the highest temperature at which an organism can survive for "indefinite" time 
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periods. For some species, 24- or 48-hour TL50s are used in lieu of 96-hour 

TL50s when the longer exposure test results are not available. 

These thermal effects parameters have limited relevance to the Bowline Point 

plume because fish are excluded by high velocity from maintaining residence in 

plume temperatures more than 4.3 C (7.7 F) above ambient. In addition, the 

portion of the plume between 4.3 C (7.7 F) and 2.2 C (4 F) is quite small and 

does not remain within a given area for extended time periods because of the 

constant shifting of the thermal plume with the tidal currents and the wind. 

Therefore, fish would not be expected to reside in the warmer portions of the 

plume for extended periods of time. 

5.3.2.2 Minimum Avoidance Temperature 

Avoidance temperatures also define areas of the thermal plume which are poten

tially excluded as available habitat because of high temperatures. A review 

of the literature has revealed that in most cases aquatic organisms avoid tem

peratures equal to or slightly lower than incipient lethal temperatures (EA 

1978a). This thermal effects parameter has limited relevancy to the Bowline 

Point plant's thermal plume because of the exclusion of mobile organisms from 

the highest elevated temperature regions of the plume as a result of the high 

velocity discharge currents created by the diffuser. 

5.3.2.3 Temperature Requirements for Early Development 

Temperature requirements for early development define zones of the thermal 

plume which may be suitable for successful spawning and early development, but 

are not available for these activities because of the elevated temperatures. 

Life stages addressed under this biological criterion are eggs, larvae, and 

early juveniles. Thermal effects parameters used for thermal effects evalua-
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tions are optimum temperature range for the normal hatch of eggs (continuous 

exposure) and 24-hour TL50s or ultimate upper incipient lethal temperatures 

for larvae and early juveniles. The upper limit of the optimum temperature 

range for hatch is an estimate of the maximum temperature for normal embryonic 

development, and is used to identify areas of the discharge that are not suit

able for successful spawning because of high temperatures. Ultimate incipient 

lethal temperatures and 24-hour TL50s for larvae and early juveniles are used 

to identi~J areas of the discharge that are potentially unsuitable as nursery 

areas as a result of the plume. 

These thermal effects parameters are not relevant to some early life stages of 

RIS because of their planktonic nature. Planktonic eggs and larvae passing 

through the Bowline Point plant thermal plume would not be exposed to high 

temperatures for anywhere near the duration of continuous exposures used to 

obtain temperature requirements for early development. Furthermore, nonplank

tonic life stages would not be expected to be continuously exposed to even 

lower isotherm areas of the thermal plume because of the constant shifting of 

the thermal plume within the tidal currents. 

5.3.2.4 Optimum Temperature for Performance and Growth 

The upper temperature limit of the optimum temperature range for physiological 

activities can be used as an estimator of the thermal discharge zones which 

will permit optimum physiological functions. Temperatures above this limit 

would result in less than optimum functions. Thermal effects parameters used 

to estimate this limiting temperature are the optimum temperature range for 

growth, where available, and estimates of final temperature preferenda. The 

final preferendum is generally accepted as a good estimator of the optimum 

temperature for performance (Brett 1971; Coutant 1975:pp. 2-7; EA 1978b). 
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Thermal effects evaluations based on final preferenda may be somewhat conser

vative, however, since final preferenda estimates a temperature within the 

optimum range for performance, rather than the upper temperature limit of the 

optimum range. The optimum temperature range for growth is available for the 

larvae and/or early juveniles of a number of HIS, and final preferenda are 

available for juveniles and adults of most HIS. These parameters are used to 

estimate whether there are plume areas or volumes exceeding optimum tempera

ture conditions for growth for each RIS. However, these thermal effects pa

rameters are of limited relevance to the Bowline Point plume because of the 

rapid rate of induced dilution caused by the diffuser discharge and the fact 

that prolonged residence of fish in the warmer elevated temperatures near the 

diffuser is precluded by coincident velocities in excess of 4 fps. 

5.3.2.5 Thermal Shock Tolerance 

Thermal shock can occur in two ways: 

1. Cold shock - aquatic organisms residing in elevated temperatures within 

the thermal plume are subject to cold shock in the event of a plant 

outage. 

2. Heat shock - aquatic organisms are subject to rapid rises in tempera

ture upon being entrained into the thermal discharge plume (plume 

entrainment). 

Both of these thermal shocks have the potential to cause mortality if the 

change in temperature exceeds the tolerance of the aquatic species. There

fore, the highest temperature limit resulting in no appreciable mortality is 

identified for estimating these thermal effects. Thermal effects parameters 

used for assessing or predicting the effects of thermal shock are lower incip-
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ient lethal temperatures for cold shock and short-exposure upper thermal tol

erance limits for plume entrainment shock. 

Lower incipient lethal temperatures are estimated by 96-hour TL50s derived 

from experiments wherein warm-acclimated organisms are subjected to rapid 

drops in temperature and are subsequently held for 96 hours. A 2 C (3.6 F) 

safety factor is added to the lower 96-hour TL50s to provide estimates of 

lower safe levels. Since the highest plume temperature at which organisms can 

remain long enough to become acclimated is 4.3 C (7.7 F) above ambient, the 

potential for cold shock to occur at the Bowline Point plant is substantially 

minimized. Moreover, the presence of two units at Bowline Point further re

duces the potential for cold shock because of the reduced likelihood of simul

taneous shutdowns of both units. 

The potential for mortality resulting from plume entrainment is predicted for 

planktonic organisms based on 5-, 10-, and 30-minute TL95s. The highest tem

perature resulting in no appreciable mortality (threshold lethal temperature) 

is estimated by these TL95s for each exposure duration. A TL95 is the thermal 

tolerance limit resulting in 95 percent survival at that temperature after 

continuous exposure for the specified duration. Since only a very small per

centage of the planktonic organisms that pass through the Bowline Point 

plant's thermal plume are exposed to the maximum discharge temperatures, and 

exposures to temperatures greater than 4.3 C (7.7 F) above ambient last for 

only a few seconds, thermal effects evaluations based on 5-, to 30-minute 

TL95s overestimate the actual potential for mortality. 
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5.3.3 Elements of the Thermal Effects Evaluations 

5.3.3.1 Introduction 

Thermal effects evaluations for each biological criterion are accomplished by 

integrating thermal effects data, life history data, and hydrothermal charac

teristics of the thermal plume during peak operation of the Bowline Point 

plant. Estimates of plume areas and volumes with temperatures in excess of 

the temperature limits defined for RIS according to each important biological 

activity are presented in tabular form to fulfill information requests in the 

1 May 1977 draft of the EPA 316(a) Technical Guidance Manual. Thermal effects 

data are presented in thermal effects diagrams for each species, which visu

ally relate the occurrence of each life stage in the vicinity of the plant to 

potential thermal effects produced by contact of that life stage with the 

thermally altered area. 

Life history data are used to predict the susceptibility of each life stage of 

RIS to potential thermal effects from the Bowline Point plant's cooling water 

discharge. Habitat requirements, spawning temperatures and dates, life 

cycles, spawning migrations, and normal movement and distribution patterns 

within the estuary determine the potential for contact of each life stage with 

the thermally altered area. Life history elements for each RIS are reviewed 

in EA (1978a), and extensively discussed for selected RIS in McFadden (1977). 

The seasonal distribution of each species and life stage has been included in 

the thermal effects diagrams so that the potential for thermal effects at any 

given time may be compared with the actual occurrence of the organisms at the 

plant site. The seasonal distributions of fish were determined from fishery 

surveys at river miles 36-37 between 1974 and 1976 (TI 1975a; 1976a; 1976b; 

1976c; 1977) and from impingement collections between 1973 and 1976 (ORU 
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1977). Seasonal abundance of macrozooplankton were derived from near-field 

data collected between 1973 and 1976 (ORU 1977). Specific data used in gener

ating seasonal distributions in the thermal effects diagrams are indicated in 

each diagram key. 

Thermal effects data used for evaluations are predominantly based on research 

conducted by EA (1978b), TI (1976d), and NYU (1973; 1974; 1976; 1977). Sup

plemental thermal effects data are drawn from the general literature as re

viewed and summarized by EA (1978a). Terminology used to present thermal ef

fects evaluations in this chapter are also defined in EA (1978a:pp. 2-1 - 2-7). 

A discussion of the specific elements of the thermal effects evaluations, 

including development of the thermal effects diagrams and summary tables, is 

presented in the following subsections. 

5.3.3.2 Hydrothermal Parameters 

5.3.3.2.1 Ambient Temperature Profile 

The foundation for the thermal effects diagram is the ambient temperature 

profile at the power plant site (Figure 5.3-1). The ambient temperature 

record used was that presented in Subsection 3.1.3.2 (Table 3.1~4, Figure 

3.1-5)--the 10-year mean monthly average ambient temperatures recorded at 

Peekskill, New York, from 1959 to 1969. These 10-year monthly mean tempera

tures were plotted on thermal effects diagrams to produce a seasonal tempera

ture curve. The thermal effects diagrams thus constructed relate the seasonal 

distribution of each species or life stage at the plant site to normal sea

sonal temperatures. To address potential thermal effects during exceptionally 

warm years (i.e., extreme ambients), the maximum monthly average temperatures 

recorded by USGS (Peekskill 1959-1969) and by LMS (1978) (Bowline Point near-
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field data 1973-1976) were evaluated (Subsection 3.1.3.2; Table 3.1-6 and 

Figure 3.1-5). 

5.3.3.2.2 Maximum Discharge Temperature Profile 

In order to provide an estimation of maximum likely discharge temperatures, 

full-load condenser temperature rises (delta-Ts) for the Bowline Point plant 

were added to the ambient temperature profile (Subsection 3.2.4; Table 3.2-2 

and Figure 3.2-5). Although the plant seldom operates at full load 

(Subsection 3.2.5), maximum possible delta-Ts were selected in order to be 

conservative. The maximum delta-Ts employed were 10.0 C (18.1 F) during two

pump operation and 8.2 C (14.8 F) during three-pump operation (Subsection 

3.2.4). The discharge temperature profile so derived was superimposed onto 

the ambient temperature profile, as shown in Figure 5.3-1. The temperatures 

plotted represent the maximum possible discharge temperatures based on monthly 

average ambient river temperatures and assume continued plant operation at 

full capacity. 

The theoretical maximum discharge temperature based on the normal ambient tem

perature regime is plotted on the thermal effects diagrams along with the am

bient seasonal temperature curve. A reduction in the maximum discharge tem

perature curve is depicted during summer months and results from the increase 

in the volume of cooling water with three circulating pumps in operation. 

Potential thermal effects are predicted acording to theoretical maximum dis

charge temperature during both normal and unusually warm years, and are pre

sented in thermal effects summary tables. 

5.3-9 



5.3.3.2.3 The 4.3 C (7.7 F) Isotherm 

Also shown on Figure 5.3-1 is the 4.3 C (7.7 F) temperature rise isotherm. In 

Subsection 3.3.1.4 it was shown that at temperature elevations above 4.3 C 

(7.7 F) discharge current velocities exceeding 4 fps prevailed. A review of 

critical swim speed data for Hudson River fishes (Subsection 3.4.2; Table 

3.4-1) indicated that velocities exceeding 4 fps are unlikely to be continu-

ously negotiated by most fish. Velocities in excess of 4 fps extend outward 

approximately 20-40 ft from the diffuser ports (Subsection 3.4.2; Figure 

3.4-1), and occur within a volume of less than 3.0 acre-ft. The 4.3 C (7.7 F) 

isotherm is displayed on the thermal effects diagrams to indicate the maximum 

temperature above which fish will be excluded as a result of velocity alone. 

Under most conditions the maximum habitable isotherm will actually be less 

than 4.3 C (7.7 F) (Subsection 3.3.1.4). 

5.3.3.2.4 Calculation of Plume Areas and Volumes Exceeding Temperature 
Requirements 

Table 5.3-1 summarizes the largest observed volumes and surface areas associ-

ated with isotherms greater than 1.7 C (3 F) for thermal plume surveys con-

ducted at near-capacity plant operation. These data are used to identify max-

imum areas of the thermal plume from which important biological activities 

would potentially be excluded or impaired by elevated temperatures. The maxi-

mum areas, volumes, and percentage of near-field area and volume exceeding the 

temperature limit for important biological activities are presented in the 

thermal effects evaluation summary tables for each RIS. 
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TABLE 5.3-1 CALCULATION OF MAXIMUM THERMAL PLUME AREAS AND VOLUMES FOR 
ISOTHERMS GREATER THAN 1.7 C (3.1 F)(a) 

Percent 
Temp. Rise Surface Near-Field Percent 
Isotherm Area Surface Volume Near-Field 

Season (>C) (Acres) Area ( Acre-ft) Volume(b) 

Fall(c) 1.7 (3 F) 141 .0 1.995 604.0 0.410 
Winter 2.2 (4 F) 50.5 0.714 170.0 o . 116 
Spring 2.8 (5 F) 7.4 0.104 26.4 0.018 

3.3 (6 F) 0.6 0.007 1.4 0.001 
>3.3 (6 F) <0.6 <0.007 <1.4 <0.001 

Summered) 1.7 (3 F) 29.4 0.415 321.0 0.281 
(15 June- 2.2 (4 F) 10.1 0.143 113.0 0.077 

15 Sept) 2.8 (5 F) 3.7 0.052 32.10 0.022 
3.3 (6 F) 0.7 0.010 2.99 0.0020 

>3.3 (6 F) <0.7 <0.010 <2.99 <0.0020 

(a) From Subsection 3.3.1.1, Table 3.3-2. 
(b) Based on a near-field area calculated as two tidal excursions (ebb 

and flood), one upstream (1.9 miles), and one downstream (3.6 miles); 
surface area of this near-field area = 7,067 acres, and volume = 146,987 
acre-ft. 

(c) 93.8 percent plant capacity, two-pump throttled operating mode. 
(d) 93.3 percent plant capacity, three-pump operating mode. 

Note: Acre = 209 ft x 209 ft (slightly smaller than a football field). 
Acre-ft. = 35.2 ft x 35.2 ft x 35.2 ft (a football field covered with 

1 ft of water). 



5.3.3.3 Thermal Effects Parameters 

For each species, thermal effects evaluation summary tables relate potential 

effects according to each biological criteria to areas and volumes of the 

plume that exceed the temperature limits during both normal and unusually warm 

years. Applicable thermal effects data, as available, are plotted on the 

thermal effects diagram to indicate predicted effects resulting from potential 

contact of RIS with the thermally altered area. Once the hydrothermal profile 

has been established, the thermal effects parameters discussed in Subsection 

5.3.2 are then plotted. Examples are shown in Figure 5.3-2. 

The points marked number 1 on Figure 5.3-2 represent upper incipient lethal 

temperatures estimated by 96-hour TL50. These are plotted directly above the 

point in the ambient temperature profile equivalent to the acclimation temper

ature at which the TL50 was determined. When the acclimation temperature ex

ceeds the highest ambient temperature, the TL50 is plotted directly above the 

highest ambient temperature. Where possible, tolerance limits are plotted 

according to the time of the year the test was performed (i.e., tolerance lim

its for tests performed during the spring are plotted above the corresponding 

acclimation temperature during rising river temperatures, while those toler

ance limits for tests performed during the fall are plotted above the corre

sponding acclimation temperature during falling river temperatures). For some 

species, data for all seasons was not available, and thermal tolerance limits 

were plotted above the corresponding acclimation temperature during both ris

ing and falling river temperatures. 

Once a TL50 is plotted, the plume isotherm passing through the point may be 

visually determined from the diagram. The area and volume enclosed by that 

isotherm are then determined from Table 5.3-1. When a TL50 falls above the 
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4.3 C (7.7 F) isotherm, the area and volume enclosed by the isotherm passing 

through the point are less than 0.7 acres and 3.0 acre-ft, respectively, and 

_occur only in the immediate discharge vicinity where high velocities do not 

permit extended exposure. When a TL50 is plotted below the 4.3 C (7.7 F) iso

therm, the area and volume enclosed by the isotherm passing through the point 

exceed the size of the high velocity exclusion zone. The thermal exclusion 

zone so defined represents a limitation on the potential habitat available to 

a species. 

For some species, the ultimate upper incipient lethal temperature has been 

identified, and is used primarily for thermal effects evaluations during high 

summer temperatures. The ultimate upper incipient lethal temperature is de

fined as the temperature that is lethal to a species which has fully extended 

its ability to acclimate to higher temperatures. This thermal effects parame

ter, therefore, does not change with acclimation temperature, and is indicated 

on the thermal effects diagrams for each life stage as a horizontal line 

spanning the maximum ambient temperatures during summer months. 

Other thermal effects parameters are plotted and interpreted in the same man

ner. Tnese data points are plotted above the ambient temperature curve corre

sponding to the acclimation temperature at which the test was conducted. For 

example, the points marked number 2 on Figure 5.3-2 represent upper avoidance 

temperatures. Avoidance temperatures are usually somewhat less than upper le

thal temperatures (points number 1). In the example shown in Figure 5.3-2, 

the avoidance temperatures exceed even the warmest plume isotherms, indicating 

that the RIS in question would not actively avoid any plume areas because of 

temperature alone. 
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The line marked number 3 represents the optimum temperature for growth and 

performance, as determined by final preferenda for RIS. Since final prefer-

enda are independent of acclimation temperature, they are plotted on the ther-

mal effects diagram over the time period when juveniles or adults are present 

at the plant. In this example case, the warmest plume isotherms exceed this 

optimum performance estimator. However, velocities at these warmer isotherms 
, 

exceed 4 fps, as discussed in Subsection 5.3.3.2.3. Therefore, the lower iso-

therm areas of the plume would not interfere with the optimun level of growth 

and performance for this hypothetical species. 

The line marked number 4 represents the spawning temperature range for the 

RIS. It serves to identify the temperatures at which spawning occurs, and 

thus the ambient river temperatures at which eggs and larvae would potentially 

be present in the vicinity of the plant. The time of the year that eggs and 

larvae typically occur in the vicinity of Bowline Point is indicated on the 

histograms beneath the thermal effects diagram, and generally correspond 

closely to the spawning temperatures indicated on the diagram. 

The line marked number 5 represents the maximum temperature compatible with 

normal hatching success of eggs of the RIS. This parameter is plotted on the 

thermal effects diagram as a line spanning the range of ambient temperatures 

at which spawning occurs. In the example shown in Figure 5.3-2, this maximum 

occurs at isotherms less than 4.3 C (7.7 F) during the latter end of the 

spawning season. Thus, at that time suboptimal conditions for normal develop-

ment will occur in a portion of the plume. The area or volume of the 

suboptimal zone is determined as described above from the isotherm-area or 

isotherm-volume relationships presented in Table 5.3-1. 
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The last line, numbered 6 on Figure 5.3-2, represents the short-exposure safe 

temperature for eggs of the RIS. This safe temperature is defined by the 30-

minute TL95 (temperature at which 95 percent survival occurs). This line de

fines the maximum discharge temperature that eggs can tolerate for 30 minutes 

without reductions in normal hatching success upon return to ambient. 

Thirty-minute TL95s were also plotted on thermal effects diagrams for larvae 

and early juveniles. These values were usually plotted on the diagram ac

cording to acclimation temperature at which the test was performed. For some 

species, the number of values were too numerous to clearly display each point, 

and the range of TL95s were plotted over the period of time when that life 

stage is shown to be present in the vicinity of the Bowline Point plant. How

ever, thermal effects evaluations were based on the actual values for each 

specific acclimation temperature. 

The largest data base available on heat shock tolerance of early life stages 

was for 30-minute exposures, and for consistency these were used to illustrate 

heat shock tolerance on the thermal effects diagrams for most of the RIS. 

However, thermal tolerance is strongly dependent on the duration of exposure 

to elevated temperature (EA 1978b). Since the exposure to highest elevated 

temperatures during plume entrainment at Bowline Point is limited to only 5-

10 seconds, the 30-minute data are highly conservative, and when available, 

data on shorter term exposures (primarily 5 and 10 minutes) were also used to 

assess the potential for heat shock of RIS by the Bowline Point plume. In the 

hypothetical egg shock example of Figure 5.3-2, the 30-minute TL95 line 

plotted exceeds maximum discharge temperatures except during a short period 

near the end of the spawning season. If available, TL95 data for shorter term 

exposures (as summarized in the thermal effects summary tables) would be 
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consulted in this case to determine whether any effect may realistically be 

expected even late in the spawning season. 

5.3.3.4 Seasonal Distribution Parameters 

In_order to place the predicted impacts in perspective, the seasonal distribu

tion of each RIS life stage must be known. In other words, if a life stage is 

not in the plant vicinity when the potential for impact is predicted, then in 

reality no impact is possible. On the contrary, if a life stage is found in 

abundance in the plant vicinity during that same period, then impact resulting 

from interaction with the thermal plume is possible. 

Below each thermal effects diagram, a series of seasonal distribution histo

grams have been plotted, corresponding to each RIS life stage. In this way 

the relative temporal abundance of each life stage can be determined, and the 

potential for impact subsequently placed in perspective. 

5.3.3.5 Evaluations for Unusually Warm Years 

Thermal effects evaluations were conducted on all RIS, as demonstrated in the 

preceding sections, for discharge temperatures predicted during normal ambient 

temperature regimes. In addition to assessing potential thermal effects on 

RIS during typical years, assessments were made to determine the effects of 

the Bowline Point plant's cooling water discharge for periods of time that 

were unseasonably warm. For this purpose, the areas and volumes of the plume 

exceeding maximum discharge temperatures were predicted for a hypothetical 

"unusually warm year," as described in Section 5.3.3.2.1. Because many of the 

temperature requirements were derived from thermal effects parameters that are 

dependent on acclimation (or spawning) temperature, evaluations for unusually 

warm periods other than summer varied little from those for the typical year. 
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Only those thermal effects parameters that were independent of acclimation and 

spawning temperatures (and in some cases, temperature limits derived from 

tests conducted at high acclimation temperatures [24.0-26.0 C]) were used for 

evaluating potential thermal effects during unusually warm summers. The eval

uations for unusually warm summers indicated that the areas and volumes ex

ceeding temperature requirements were only slightly larger than those deter

mined for typical years, with no additional impact on the balanced indigenous 

community. Therefore, predictions of areas and volumes exceeding temperature 

requirements during unusually warm years are presented in summary tables along 

with predictions for typical years, but are not specifically discussed in the 

text of Subsection 5.3.4. 

5.3.4 Thermal Effects Evaluations For Representative Important Species 

5.3.4.1 Striped Bass 

The striped bass (Morone saxatilis) is an anadromous, coastal species that is 

distributed along the Atlantic coast of North America from the St. Lawrence 

River, Canada to the St. Johns River in northern Florida, and in the Gulf of 

Mexico from western Florida to Louisiana. Striped bass were introduced to the 

Pacific Coast in the Sacramento - San Joaquin River system of California in 

1879 and 1883, and are now found from the Columbia River, Oregon, to southern 

California (Scott and Crossman 1973:p. 694). Along both east and west coasts 

of the United States, the striped bass is an important commercial and sport 

fish. It utilizes the Hudson River estuary primarily as a spawning and nurs

ery area. 

In the spring, mature striped bass migrate from coastal waters to spawn in 

freshwater areas of the Hudson River estuary where there are moderate to swift 
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currents, narrow widths, and greater than average depths (McFadden 1977: 

pp. 5.7, 6.6). An important requirement for successful spawning appears to be 

a current sufficient to keep the semibuoyant eggs from settling to the bottom 

where they might become silted over and smother (Bigelow and Schroeder 1953:p. 

394). Spawning occurs primarily between mile points (MF) 40 and 100 (TI 

1976e:p. II-4) at water temperatures ranging from 11 to 20 C (TI 1976e:p. V-10i 

McFadden 1977:p. 7.25). Striped bass eggs are concentrated in the bottom 

strata of the water column (McFadden 1977:p. 6.6), and are found in the vi

cinity of Bowline Point during May (Figure 5.3-3). However, since the Bowline 

Point plant (MP 37.5) is located below the downstream edge of the principal 

striped bass spawning area, the abundance of striped bass eggs in the area of 

the plant is much lower than in areas farther upstream (TI 1976e:p. V-11; 

McFadden 1977:pp. 6.7, 6.15). 

When present in the vicinity of Bowline Point, striped bass eggs may be ex

posed to elevated temperatures as a result of plume entrainment. Recent 

studies have demonstrated that striped bass eggs are quite tolerant of sudden 

temperature increases (EA 1978b:pp. 5.2-1 - 5.2-2). Tolerance limits for 

30-minute exposures (TL95) range from 30.2 C for eggs in the gastrula stage to 

34.1 C for eggs in the tail-free embryo stage (EA 1978b:Table 5.2-1) (Table 

5.3-1). These tolerance limits exceed maximum discharge temperatures during 

the striped bass spawning season (Figure 5.3-3, lines 11a, 11b, and 11c); 

therefore, no mortality of plume entrained striped bass eggs is predicted. 

Extended exposure to the lower temperature areas of the thermal plume should 

also not impair the survival of striped bass eggs. An incubation temperature 

of 23.7 C (continuous exposure throughout egg development) has been estimated 

as the upper limit of the optimum temperature range for normal hatch of 
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Figure 5.3-3. Thermal effects diagram for striped bass at the Bowline Point Generating 
Station on the Hudson River. 



striped bass eggs (EA 1978b:p. 8.1-3, Table 8.2-1) (Table 5.3-2). Areas 

warmer than this optimum temperature during the striped bass spawning season 

occur only in the immediate vicinity of the discharge where high velocities 

do not permit extended exposure (Figure 5.3-3, line 7). Furthermore, striped 

bass eggs are not expected to remain in areas influenced by the thermal dis

charge from the Bowline Point plant throughout their entire incubation period 

because of (1) the predominately surface-oriented nature of the thermal plume 

and the tendency for the eggs to settle to the bottom water strata, and (2) 

the shifting orientation of the thermal plume because of tidal interactions. 

Striped bass larvae are widely distributed throughout the Hudson River estuary 

from early May through July, occurring predominately in channel areas 

(McFadden 1977:pp. 6.6 - 6.10). Areas of greatest abundance are in the 

Croton-Haverstraw bays through Kingston regions (MP 34-93) (McFadden 1977: 

pp. 6.6 - 6.10), and include the Bowline Point area. Larvae and early juve

niles begin to move from the main channel shoreward into nursery areas in 

shoals and along beaches during June and early July (McFadden 1977:pp. 5.9, 

6.10; T1 1976e:p. V-17). During that period, involvement with the thermal 

discharge is greatest. 

Young striped bass have a high tolerance of short-term thermal exposures dur

ing spring and early summer months when these life stages are present in the 

vicinity of Bowline Point. The 30-minute TL95s for striped bass yolk-sac lar

vae, post-yolk-sac larvae, and early juveniles range from 30.8 to 34.0 C 

(Table 5.3-2) (EA 1978b:Table 5.2-2), and exceed the maximum discharge temper

atures during most of the larval plume entrainment season (Figure 5.3-3, line 

12). At the end of that season, discharge temperatures will exceed the 30-

minute TL95s. However, 5-minute TL95s (varying from 32.1-33.3 C) (Table 5.3-2) 
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TABLE 5.3-2 THERMAL EFFECTS SUMMARY TABLE FOR STRIPED BASS 

Maxllllum Arca of Therma I Plume( a) 
Exceeding Temperature l.imit Ouring 

TypiQ!!l Years 

Maximum Area of Thermal Plume(a) 
ExceedinR Temperature I.imit During 

Surface Area----- Volume 
_ _ Unusually Warm Yeal's __ . __ _ 

Hiologinal Activity 
:r~J!jLProtected 

'nlermal "ffects 
Parameter 

Temp. Limit 
or Range Percent{b} Percent{b)" 

Surface Area VC'-o-,-lu~m",-e~_-n: 
Percent(b) Percent{hl 

__ (£L- Reference Acres Near-field Acre-ft Near'-Field ACI'es Near-field ~cre-ft !'ear-field 

Maximum for Surylval 
Juveniles 

Minimum Avoidance 
--:i;;;'-;nl1 es 

HaxllQlllq Temperature 
for Early Development 

Egl~s 

ERRS 
Yolk-sac larvae 
/'ost-yolk-8ac larvae 
Post-yollc-sac larvae 

Op t 1 011110 for Per formanoe 
and Grol~th 
-I.arva; a=-n-d~e-a-r-:-lY---

juveniles 
.JuvenUes 

Therma 1 Shode 
To lel'ance 
--CoidShoOi<-

Juveniles 

96-hr TI.50 

Upper avoi<lance 
temp. 

Upper 11m! t of 
optlmU/II range 
for haLch 

TI.50 
21t-hr TI.50 
211-hr TI.50 
Ult. upper inc. 
lethal temp. 

Upper limit of opt. 
growlh range 

~'i na 1 pre ferendum 

96-hr TI.50 + 2.0 C 

25.5-3/1.8 

22.5-33.0 

23.'/ 
26.3 

26.11-21.9 
26.3-32.4 

33.5 

29.6 
21.8 

".2 

'1'1 1916d 

TI 1916d 

EA 1918b 
EA 1918b 
EA 1918b 
EA 1978b 

EA 1918b 

EA 1978b 
EA 1918b 

EA 1918b 

o 

<0.1 

<0.6 
<0.6 
<0.6 
o 

o 

<0.1 
<1.1l 

NA 

o 

<0.01 

<0.001 
<0.00"1 
<0.001 
o 

o 

<0.01 
<0.10" 

NA 

o 

<2.99 

<1.4 
<1.4 
<1.11 
o 

o 

<2.99 
<26.11 

NA 

o 

<0.002 

<0.001 
<0.001 
<0.001 
o 

o 

<0.002 
<0.016 

NA 

<0.1 

<0.1 

(c) 
(c) 
(0) 

<0.1 

<0.1 

3.1 
>1111.0 

NA 

<0.01 

<0.01 

(e) 
(0) 
(c) 

<0.010 

<0.010 

0.052 
> 1.995 

NA 

<2.99 

<2.99 

(c) 
(c) 
(c) 

<2.99 

<2.99 

32.1 
>604.0 

NA 

W-C;-ilclIlal1oolJ were based on the isotherm exceeding the t.emperature limit during operation at maximum capacity; areas and volumes are 
prell tcted according to actual field Burveys conduoted when the plant operation load was 93.3-93.8 percent of capaoity. 

(b) Percent available volume or area based on a near-field area calculated as two tidal excursions (ebb) and flood), one upstream 
(1.9 mUes), and one downstream (3.6 miles); surface area of thIs near-fIeld area = 1,061 acrelJ, <lnd volume = 146,981 acre-flo 

(0) The mal(\mum area of the t.hermal I)lllme exoeeding temperature ret.luirements for early 11ft' BtaRes does not ehanRe durlnp, unusually warm 
years, stnce the occurr'ence of these llfe stap;elJ Is dependent upon spawning temperatures anti thus on lha timing of spawning. 

Note: NA not appllcabla. 

<0.002 

<0.002 

(c) 
(0) 
(c) 

<0.002 

<0.002 

0.022 
>0.1110 

NA 



Biological Activity 
____ T~Be Protec~ __ 

Plume Eotl'a 1nment 
Shock~ ____ _ 

Ee:!ls 
nlast\lla stage 
Gastrilia stage 
Gastrula stage 
Ta Hbll!! embryo 
'I'allfree embryo 
Yolk-sao lal'vae 

(1 day old) 
Post-yolk-sao 

larvae (6-35 
days old) 

I~arly J.iVenlle 

1'hermal Effects 
Parameter 

"-minute TI.95(c) 
5-mlntlte TL95 (c) 
30-lulnute TL95 
30-mlnute TL95 
30-minute TI.95 
5-minute TI.95(c) 
30-minute 1'L95 

5-minute 1'1-95(c) 
30-mlllllte TI.95 
5-minute TL95(0) 

Temp. Limit 
or Range 

( C) 

30.2 
)11.11 
30.2 
32.5 
3
'
1. 1 

33.8-31.0 
31.1-311.0 

32.1-33.3 
30.8-311,0 

3
'
I.B 

TABLE 5.3-2 (CONT.) 

Reference 

EA 1978b 
EA 1978b 
Ell 197Bb 
EA 191Bb 
EA 19l8b 
EA 19'/Bb 
Ell 1978b 

EA 197Bb 
EA 1918b 
Ell 1918b 

Maximum Al'ea of TIler'ma I Plume( a) 
Exceeding "'emperature /,Imit /Jurinl'( 

_ ~---,;,--_-.:- Typioal Yeal's 
Surface Area Vohune 

Percent(b) ----PercentW 
Acr~ Near-field Acre-ft Nei!f-Field 

NA NA NA NA 
Nil NA NA Nil 
nA NA NA Nil 
NA Nil NA NA 
HA NA NA NA 
Nil NA NA Nil 
Nil Nil NA till 

NA NA Nil NA 
tlA IIA NA Nil 
NA Nil NA Nil 

t1aximllm Al'ea of Thermal PIume(a) 
Exceeding Temperat.ure Limit Durinp; 

___ ~~!3!ual !l_~f'ln Year:~ ___________ _ 
__ ~!!~face Area_ _ __ Vo!!!!J~ __ _ 

Percent( b" PercentTbT 
~!! Near'-field Acre-fl .!Iear:-:-fJeld 

NA Nil NA NA 
NA Nil NA NA 
NA NA NA NA 
NA NA Nil NA 
tlA Nil NA NA 
NA NA NA Nil 
NA Nil Nil Nil 

NA NA NA NA 
Nil NA NA Nil 
NA NA NA Nil 

Ta}-Caleulatlons were ba3ed on the Isotherm p.xcp.eding the temperature limit during operation at maximum capacltYi areas and volumes are 
predicted acoord1ng Lo actual field surveys oondullted when the plant operation load was 93.3-93.6 percent of capaoity. 

(h) Percent avallahle volume or area based on a near-field area caloulated as two tidal excursions (ebb) anI'! flood), one upstream 
(1.9 mUes), and one downstream 0.6 miles); surfaoe area of this near-field area:: 7.061 aores, and volume:: 1116,981 acre-fl

(e) D.1t.a not. plotted on Figure 5.3-3. 

Ilote: Nil not appl1cable. 



exceed these theoretical maximum discharge temperatures during this time. 

Since actual entrainment exposure-durations to peak discharge temperatures are 

no more than a few seconds (Subsection 3.3.1.5), no mortality of striped bass 

larvae or early juveniles is predicted as a result of plume entrainment. 

Whereas exposures to the higher plume temperatures are limited to only-5-10 

seconds, striped bass larvae may be exposed to the lower plume isotherms (less 

than 4.3 C above ambient) for longer time periods (Subsection 3.3.1.5). The 

14- and 16-hour TL50s for yolk-sac larvae range from 26.4 to 27.9 C, and 24-

hour TL50s for post-yolk-saclarvae range from 26.3 to 32.4 C, depending on 

acclimation (ambient) temperatures (EA i978b:Table 6.2-1) (Figure 5.3-3, data 

points number 4 and 5). Areas of the plume warmer than these tolerance limi ts--

occur only in the immediate vicinity of the discharge where velocities do not 

permit extended exposure (Table 5.3-2). The-ultimate upper incipient lethal 

temperature (16-day TL50) for striped bass post-yolk-sac larvae was determined 

to be 33.5 C (Table 5.3-2) (EA 1978b:p. 9.2-1). This exceeds maximum dis

charge temperatures during periods of larval abundance (Figure 5.3-3, line lG). 

Therefore, extended exposures to the lower elevated temperatures of the ther

mal plume should have no detrimental effect on the survival of striped bass 

larvae. 

The upper limit of the optimum temperature range for growth and development of 

striped bass post-yolk-sac larvae and early juveniles is 29.6 C (EA 1978b: 

p. 9.2-1) (Figure 5.3-3, line number 9). This exceeds plume temperatures in 

all areas except the immediate vicinity of th~ discharge, where high discharge 

velocities do not permit extended residence (Table 5.3-2). Optimum tempera

tures for growth (25.1-29.6 C) generally exceed ambient river temperatures. 
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Young-of-the-year and yearling striped bass are abundant in the Bowline Point 

vicinity during summer and fall months (Figure 5.3-3) when downstream and 

shoreward migrations occur within the estuary (McFadden 1977:p. 6.10). Most 

of the juvenile striped bass population is distributed within the shore zones 

of the estuary during these months (McFadden 1977:p. 6.10). Therefore, juve

nile striped bass would be exposed to the lower isotherms of the thermal plume 

on an intermittent basis, depending on the tidal currents and the wind 

direction. 

Striped bass juveniles, like earlier life stages, appear to be very tolerant 

of high temperatures. The upper limit of the temperature range permitting 

survival of striped bass juveniles ranges from 25.5 to 34.8 C (96-hour TL50s), 

depending on acclimation (ambient) temperatures (TI 1976d:pp. V-35 - V-36). 

These tolerance limits exceed the maximum discharge temperatures of the Bow

line Point plant during all times of the year (Figure 5.3-3, data points num

ber 3). Furthermore, avoidance temperatures reported for striped bass juve

niles (TI 1976d:p. V-28 , V-30) occur only in the immediate vicinity of the 

discharge where high velocities do not permit extended residence (Figure 

5.3-3, data points number 2). Maximum areas of the thermal plume exceeding 

tolerance limits and avoidance temperatures determined at high acclimation 

temperatures (26.0-27.5 C) are less than 0.7 acres (Table 5.3-2). Therefore, 

striped bass juveniles would not be excluded from any major habitats in the 

vicinity of Bowline Point as a result of the elevated temperatures. 

The optimum temperature for growth and performance of juvenile striped bass, 

as estimated by the final preferendum, is 27.8 C (EA 1978b:p. 10.2-5) (Figure 

5.3-3, line number 1). Maximum areas and volumes of the discharge that exceed 

the final preferendum are less than 7.4 acres and 26.4 acre-ft, respectively 
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(Table 5.3-2). However, the final preferendum only estimates some point 

within the optimum temperature range, and satisfactory growth and performance 

may occur at even higher temperatures. The observed range of preferred tem

peratures reported for striped bass juveniles by EA (1978b:Table 10.2-1) typ

ically extended to approximately 30 C. Areas and volumes of the thermal plume 

exceeding this temperature encompass less than 0.7 acres and 2.99 acre-ft, 

respectively (Table 5.3-2). 

During the late fall, young-of-the-year and yearling striped bass densities in 

the Bowline Point vicinity decline to low winter levels (Figure 5.3-3) as the 

fish move into deeper waters (Subsection 4.6.3.3.1). Densities in the thermal 

plume decline as well (ORU 1977:p. 10.1-52). Thus, the potential for cold 

shock of warm-acclimated fish following a total plant shutdown is minimized. 

Periodically during the winter months, however, striped bass migrate into the 

Bowline Point vicinity, and their movements have been highly correlated with 

periods of salinity intrusion (McFadden 1977:p. 13.26). These periods are 

often followed by periods of peak impingement at the intake screens (McFadden 

1977:p. 13.27) (Figure 5.3-3). Nonetheless, striped bass have demonstrated a 

tolerance of large instantaneous drops in temperature, and therefore should be 

able to survive most cold shocks. For example, the lower safe temperature 

(96-hour TL50 + 2 C) for striped bass acclimated to 17.0 C is 4.2 C (EA 1978b: 

p. 7.2-1) (Figure 5.3-3, data points number 13). Texas Instruments (1976d: 

pp. V-40 - V-41) determined that striped bass juveniles acclimated to 10 C 

could tolerate a temperature decrease of at least 8 C to a low temperature of 

2 C. Furthermore, the potential for cold shock of striped bass is minimized 

by (1) the low densities of fish in the plume during winter months, and (2) 

the fact that high discharge velocities prevent fish from becoming acclimated 

to temperatures greater than 4.3 C above ambient. While no data is available 
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for cold shocks to temperatures below 2.0 C, it is unlikely that a drop in 

temperature from 4.3 C to 0.0 C would result in mortality. 

Striped bass adults are generally found in the lower estuary and nearshore 

coastal areas except during the spawning period (McFadden 1977:p. 7.158); con

sequently the potential contact of striped bass adults with the thermal plume 

of the Bowline Point plant is restricted predominately to spring months during 

spawning migrations to upstream areas. Since the Bowline Point plant's ther

mal plume does not extend into the main channel area, and is largely a surface 

phenomenon in the shoal areas, the thermal plume is not expected to block 

striped bass migrations. This is supported by the fact that the major spawn

ing grounds of striped bass in the Hudson River estuary (based on the distri

bution of striped bass eggs during recent years) are located above the Bowline 

Point plant. In order to reach these spawning grounds, adults would necessar

ily have to move past the plant during their upstream spawning runs. 

In summary: 

1. Striped bass occur in the vicinity of Bowline Point throughout most of 

the year, and are susceptible to thermal plume exposures depending on 

the occurrence and distribution of each life stage within the estuary. 

2. Eggs and larvae are very tolerant of short exposures to elevated tem

peratures, and little or no mortality is predicted to occur as a re

sult of plume entrainment. 

3. Plume temperatures exceed the extended-exposure thermal tolerance lim

its of all life stages only in the immediate vicinity of the discharge 

(less than 0.7 acres and 2.99 acre-ft), where exposures are limited to 

5-10 seconds because of the high discharge velocities. 
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4. Temperatures that would be expected to produce an avoidance response 

also occur only in the immediate vicinity of the discharge. 

5. Thus, striped bass would not be excluded from any major habitat within 

the vicinity of Bowline Point that may be influenced by the lower iso

therms of the thermal plume (up to 4.3 C above ambient). 

6. The potential for mortality of striped bass as a result of cold shock 

in the event of a plant shutdown is minimal. 

7. The thermal plume created by the Bowline Point plant does not create 

an impassable barrier for migrating adult striped bass. 

5.3.4.2 White Perch 

The white perch (Morone americana) is a semianadromous, euryhaline fish usu

ally restricted to brackish and freshwater (Mansueti 1964:p. 4), and is common 

in the Hudson River below Albany (MF 125) (Scott and Crossman 1973:p. 685). 

It is regarded as a good food fish and is mainly sought by sport fishermen in 

the Hudson River estuary during periods when larger game fish, such as striped 

bass and American shad, are not available (TI 1976e:p. V-33). 

In the Hudson River estuary, white perch spawn during spring and early summer 

following upstream migrations to areas of fresh or slightly brackish waters 

primarily north of Croton Bay (MF 38) (McFadden 1977:p. 5.15). The eggs are 

demersal, adhesive, and are deposited in shallow waters near shore or in trib

utary streams (Mansueti 1964:p. 9). White perch eggs are found in the vicin

ity of Bowline Point largely during May (Figure 5.3-4). The susceptibility of 

white perch eggs to thermal plume exposures is generally low, since eggs sink 

to the bottom and become attached to the substrate, and are predominately 

found in areas upstream of Bowline Point. 
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White perch eggs appear to be quite tolerant of temperature increases. 

Schubel (1974:pp. 112-113) reported that white perch eggs could withstand 

temperature shocks of at least 10 C during tests simulating plume and plant 

entrainment. Therefore, those white perch eggs which are entrained into the 

Bowline Point plant's thermal plume should not be affected by thermal shock, 

since plant delta-Ts are generally less than 10 C (Subsection 3.2.4). 

White perch eggs are also relatively tolerant of extended exposures to high 

temperatures. An incubation temperature of 27.0 C has been estimated as the 

upper limit of the optimum temperature range for normal hatch of white perch 

eggs (EA 1978b:Table 8.2-8). During the white perch spawning season, thermal 

plume areas with temperatures greater than this optimum temperature for normal 

hatch occur only in the immediate vicinity of the discharge «0.7 acres and 

2.99 acre-ft) where high velocities do not permit extended exposure (Figure 

5.3-4, line number 7) (Table 5.3-3). Therefore, the survival and normal hatch 

of white perch eggs should not be impaired as a result of exposure to the 

lower isotherm areas of the thermal plume (areas less than 4.3 C above ambient). 

White perch larvae move downstream after hatch toward brackish water (Dovel 

1971:p. 5), and occur predominately in channel areas (McFadden 1977:p. 6.31). 

Although they are relatively abundant in the vicinity of Bowline Point during 

May and June (Figure 5.3-4), young white perch remain concentrated in the 

deeper (>20 ft) areas of the estuary until late June or early July when juve

niles begin to move into the shore zones (McFadden 1977:p. 6.31). Since ther

mal effluents from the Bowline Point plant tend to float on or near the sur

face, the susceptibility of white perch larvae to thermal plume exposures is 

substantially reduced. 
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TABLE 5.3-3 THERMAL EFFECTS SUMMARY TABLE FOR WHITE PERCH 

Maximum Area of ThArma I Plume( a) MaxImum Area of Ther'mal 1'1ume(a) 
Exceeding Temperature Limit DurinR ExceedIng Temperatm'e Limit Ilurlng 

!}>eica1 Year's _____ Unu8ua lly Wa rm .. 1~~!.:~ ___ . ____ 
Temp, Limit Surface Area Volume Slwface Area Volume 

Biological Activity Thermal Effects or Range Pel'cent(bl -----Per'cendb) ---Per;;;;;tfhT Percent\6l 
To De Protected Parameter ~ Reference Acres Near-field Acre-ft Near-Field Acres Near-field Acre-ft Near-field 

MaxImum for Survival 
Juvenlles and adll1 t8 96-hr "fl.50 19.5-35.0 TI 1916d 0 0 0 0 <0.7 <0.01 <2.99 <0.002 

Minimum Avoidance 
Juventles and adults Upper avoidance 

temp. 9.5-34.5 '1'1 1976d <0.1 <0.01 <2.99 <0.002 <0.1 <0.01 <2.99 <0.002 

Maximum Temperatul'e 
f2!:....~'!fl.y DCy'elopme£!! 

Eggs Estimate of upper 
limit of optimum 
range for hatch 21.0 EA 1918b <0.7 <0.01 <2.99 <0.002 (c) (c) (c) (c) 

Yolk-sac lal'vae 211-hr' 11.50 30.2-31.8 EA 1918b 0 0 0 0 (c) (c) (e) (c) 
Ear ly juvenJles Ult. upper Inc. 

lethal temp. 33.8 EA 19l8b 0 0 0 0 <0.7 <0.01 <2.99 <0.002 

Optimum (or Performance 
an<l Growth 

Early juveniles IIpper II mit of opt. 
growth range 29.7 EA 19'/Ob <0.1 <0.01 <2.99 <0.002 3.7 0.052 32.1 0.022 

Young of the year Final preferencluin 31.2 EA 1910b <0.7 <0.01 <2.99 <0.002 <0.1 <0.01 <2.99 <0.002 
Adults I"J nal pl'e ferenduin 26.8 EA 1910b 10.1 0.1113 111.0 0.017 >29.11 >0.1115 >321.0 >0.;:>81 

Ther'rna 1 Shock 
Tolerance 
-COid~ock 

JUveniles and 
aclults 96-hr '1'1.50 + 2.0e 5.3-1.5 EA 19l8b NA NA NA NA NA NA NA NA 

Plume Entrainment 
Shock 

YOlle-sllc larvae 10-l1l1n l'1.95(d) 3'1.2-]8.2 EA 1918b NA NA NA NA NA NA NA NA 
(1 day ol,t> 30-m1n TI.95 32.11-35.11 EA 1918b NA NA NA NA NA NA NA NA 

Ear ly Juveniles 10-mln ·fI.95(d) 35.9 EA 1918b NA NA NA NA NA NA NA NA 
30-min TL95 36.1 EA 1918b tlA NA NA NA NA NA NA NA 

._-----
(a) Ca}mllattons were based on the isotherm exceeding the temperature limit during operation at maximum capacltYi areaS and volumes are 

pr'edlcted according to actual flelc! surveys conduct.ed when the plant operation load was 93.3-93.8 percent of' capacity. 
(b) Percent avallahle volume or al'ea based on a near'-flf:ld area calculated as two tidal eXCllr'stons (ehb) and flood), one upstrp.am 

Cl.9 mUe:J). and one downstream 0.6 miles); surface area of this near-field area = 1,061 acres. anti volume = 1116,911"' acre-ft. 
(c) 111e maximum al'ea of the thel'rnal plume exceeding tempel'atllre requirements for early life stages does not chAnge c1urinR unusually warm 

years. sln<:e the occurrence of these 11 fe staRes Is depenclent upon spawnIng temperatures and thus on the t tming of spawning. 
(,0 Oata not plottt'" on ~'Igure 5.3-11. 

No\.e: NA not llppllcahle. 



Young white perch are very tolerant of short-term thermal exposures. The 30-

minute TL95s for yolk-sac larvae and early juveniles range from 32.4 C to 

36.7 C, depending on acclimation (ambient) temperatures (Table 5.3-3) (EA 

1978b:Table 5.2-3). These thermal tolerance limits exceed maximum discharge 

temperatures during spring and early summer by several degrees centigrade 

(Figure 5.3-4, line number 10 and data point 11). Thus, mortality of young 

white perch is not predicted to occur because of plume entrainment. 

Young white perch are also quite tolerant of extended exposures to high tem

peratures. The 24-hour TL50s for yolk-sac larvae acclimated to temperatures 

representative of river ambi~nts during the period of peak abundance range 

from 30.2 C to 31.8 C (EA 1978b:Table 6.2-2). These tolerance limits exceed 

the maximum discharge temperatures during the white perch spawning season 

(Figure 5.3-4, data points number 5). The ultimate upper incipient lethal 

temperature for early juveniles, 33.8 C (EA 1978b:p. 9.2-8), also exceeds the 

maximum discharge temperatures (Figure 5.3-4, line number 9). Therefore, the 

lower isotherm areas of the thermal plume should not be excluded as suitable 

habitat for young white perch based on temperature requirements for survival. 

Early juvenile white perch moving into shore zone regions during midsummer may 

utilize areas within the influence of the thermal discharge from the Bowline 

Point plant as a nursery area. The optimum temperature range for growth of 

early juvenile white perch is 27.3-29.7 C (EA 1978b:p. 9.2-8). The upper 

limit of this optimum range, 29.7 C, exceeds the maximum habitable isotherm 

(4.3 C above ambient) at all times (Figure 5.3-4, line number 8). 

Juvenile and adult white perch are abundant in the shoal and shore zone areas 

in the Bowline Point vicinity during August and September (Figure 5.3-4). At 

that time they could be potentially exposed to the elevated plume tempera-
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tures. The 96-hour TL50s for white perch juveniles and adults range from 19.5 

to 35.0 C, depending on acclimation (ambient) temperatures (T1 1976d: 

pp. V-35 - V-36). These tolerance limits exceed the maximum discharge temper

atures during all times of the year, according to their respective acclimation 

temperatures (Figure 5.3-4, data points number 4). The maximum areas and vol

umes of the discharge that would be potentially avoided because of high tem

peratures, based on avoidance temperatures reported by T1 (1976d:pp. V-27 -

V-29) , are less than 0.7 acres and 2.99 acre-ft (Table 5.3-3), and occur only 

in areas of the thermal plume where discharge velocities do not permit resi

dence (Figure 5.3-4, data points number 3). Therefore, white perch juveniles 

andadults that encounter the area influenced by the thermal discharge from the 

Bowline Point plant should not be excluded from any major habitat because of 

the elevated temperatures. 

The optimum temperatures for growth and performance of young-of-the-year and 

adult white perch, as approximated by final preferenda, are 31.2 C and 26.8 C, 

respectively (EA 1978b:p. 10.2-7) (Figure 5.3-4, lines number 1 and 2). Maxi

mum areas of the thermal plume that exceed the final preferendum of young-of

the-year and adult white perch are 0.7 and 10.1 acres, respectively; maximum 

volumes are 2.99 and 113 acre-ft, respectively (Table 5.3-3). Since final 

preferenda only estimate some point within the optimum temperature range, sat

isfactory growth and performance may occur at even higher temperatures. 

During the late fall, white perch densities in the Bowline Point vicinity 

decline to low winter levels (Figure 5.3-4) as the fish move into deeper 

waters (Subsection 4.6.3.3.2). Densities in the thermal plume decline as well 

(ORU 1977:p. 10.1-52). Thus, the potential for cold shock of warm-acclimated 

fish following a total plant outage is minimized. Periodically during the 
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winter months, however, white perch migrate into the Bowline Point vicinity, 

and their movements have been highly correlated with periods of salinity 

intrusion (McFadden 1977:p. 13.26). These periods are often followed by 

periods of peak impingement at the intake screens (McFadden 1977:p. 13.27) 

(Figure 5.3-4). Nonetheless, white perch have demonstrated a tolerance of 

large instantaneous drops in temperature, and therefore should be able to 

survive most cold shocks. For example, the lower safe temperatures (96-hour 

TL50 + 2 C) for white perch juveniles acclimated to 22.5 C and adults and ju

veniles acclimated to 17.0 Care 7.5 C and 5.3 C, respectively (EA 1978b:Table 

7.2-1) (Figure 5.3-4, data points number 12). T1 (1976d:pp. V-40 - V-41) 

determined that white perch acclimated to 15 C could tolerate a temperature 

decrease of 13 C to a low temperature of 2 C. The potential for cold shock of 

white perch is further minimized by (1) the low densities of fish in the plume 

during winter months, and (2) by the fact that high discharge velocities pre

vent fish from becoming acclimated to temperatures greater than 4.3 C above 

ambient. Although no data are available for cold shocks to temperatures below 

2.0 C, it is unlikely that a drop in temperature from 4.3 C to 0.0 C would 

result in mortality. 

In summary: 

1. White perch occur in the vicinity of Bowline Point throughout the 

year, and therefore are susceptible to thermal plume exposures. 

2. The probability of exposure of eggs and larvae to the thermal plume is 

decreased considerably because of their concentpation in upstream and 

channel areas of the estuary. 

3. Early life stages of white perch are extremely tolerant of both 

short-term and extended exposures to high temperatures, and mortality 
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is not predicted because of entrainment into even the warmest portions 

of the thermal plume. 

4. Juveniles and adults are often abundant in the vicinity of Bowline 

POint, but are not expected to be excluded from any major habitat be

cause of the warm temperatures. 

5. The potential for mortality of white perch as a result of cold shock 

in the event of a plant shutdown is minimal. 

5.3.4.3 Atlantic Tomcod 

The Atlantic tomcod (Microgadus tomcod) is an inshore marine and estuarine 

species distributed principally along the Atlantic coast of North America from 

southern Labrador to the Hudson River estuary, and occurs incidentally as far 

south as Virginia. Although small, tomcod are frequently the object of a rec

reational or small commercial fishery in areas where they are sufficiently 

abundant (T1 1976e:p. V-130). The tomcod population in the Hudson River is 

largely composed of a single year class (McFadden 1977:pp. 14.7, 14.9). 

Atlantic tomcod are predominately anadromous, migrating from lower estuaries 

and coastal waters during late fall and winter into brackish and freshwaters 

of rivers and estuaries to spawn (Howe 1971:pp. 1,34-36,54). During winter 

fishery surveys on the Hudson River in 1973, the largest catches of spawning 

adults occurred during late December and January at water temperatures of ap

proximately 1 C and maximum salinity of 1 ppt between Haverstraw Bay and the 

Newburgh-Beacon Bridge (MP 40-70) (T1 1976e:pp. V-130 - V-131, II-5). Al

though information on tomcod egg distribution in the Hudson River estuary is 

lacking, it is likely that the eggs remain within the spawning area throughout 

their 30-40 day incubation period owing to their adhesive 'and demersal proper

ties. Since the principal spawning area for Atlantic tomcod is in areas of 
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the estuary upstream of Bowline Point (MP 31.5), the number of eggs occurring 

near the area of the plant is low. 

Atlantic tomcod eggs are very tolerant of high temperatures when exposed for 

short periods of time. Thirty-minute TL95s for tomcod eggs 15-30 days old 

range from 20.8 to 25.3 C (EA 1918b:Table 5.2-4). These safe temperatures 

exceed the maximum discharge temperatures during the spawning season by sever

al degrees centigrade (Figure 5.3-5, lines 11a and 11b). Consequently, no 

mortality of Atlantic tomcod eggs would occur because of potential thermal 

exposures resulting from plume entrainment. Although exposure to the higher 

plume temperatures would be limited to only 5-10 seconds, Atlantic tomcod eggs 

that may occur on the bottom near the discharge would be intermittently 

exposed to the lower isotherms of the thermal plume for longer periods, de

pending on the tide. An incubation temperature of 4.9 C has been determined 

as the upper limit of the optimum range for normal hatch of Atlantic tomcod 

eggs (EA 1978b:p. 8.1-8) (Figure 5.3-5, line number 8). During the period of 

peak spawning activity (January), the area of the thermal plume exceeding this 

temperature is less than 0.6 acres and the volume less than 1.4 acre-ft (Table 

5.3-4. At the extremes of the spawning season, virtually the entire plume 

exceeds 4.9 C (Table 5.3-3). However, since few eggs are expected in the Bow

line Point vicinity, this area of exclusion is of little importance. Also, 

since thermal exposures are intermittent rather than continuous in the lower 

isotherm areas because of tidal variations, the maximum temperatures tolerated 

under these conditions by tomcod eggs probably exceed the 4.9 C cited above. 

After hatch, Atlantic tomcod larvae drift downstream into the lower estuary 

and downstream regions of the middle estuary, where they occur predominately 

in the channel areas (McFadden 1977:p. 6.42). Tomcod larvae are most abundant 

5.3-36 



~ 

~ 
I ,. 
~ 

~ 

~1 
T"-<:>,etocal" 

roo 

IT1Q,,p.IYM 

I 
"1 "'; 1 ; -, 

I 

,,~ 
',jontt\ly;t'Q 
.... I;t_tII)(1'lP. 

" 

~~ I' .. ! 

I r', ....... _ ~ ~ 
'" 
, 

---

\11-===i'~O~"""'~.==r'==="FoI'_-""'!!!N$l!I"'==-_r---.lD_'-'J.-, _=C::J.~ ___ r-__ -,.-___ ~""':':":::'It"9:::""'::::O:""'=--_.j1 td) 

KErf to T_mal EffKU a.ttI Points 

1. <2-10C, tinal Pf"!'ferendum: tal juwnilet during the summttr, 
(b) adults during the 'Winter: EA 197ab. 

2. 9.6·20.0 C,lJpPer avoidance temp. for adt.llts; TI 1976d. 
3. 16.3--26.8 C, 96-hr TLSO. upper Incipient lethal tamps. for adults 

and juvenllM; (3) EA 197Bb. (bl TI 1976d. 
4. 26.6 C. ultimate upper incipient lethal temp. for lu\rtln,res during 

the $ummer; SA 1978b. 
5. 17.8 C. 24--hr TL50 tor ¥olk~ac larvae /1 dav old); SA 1978b. 
6. 16.1 C, 24-hr TLSO ror post-yoik-sac larvae: EA 197ab. 
7. O.()..4.0 C. normal '$pawl1ing temp.; ScOtt and Crossman 1973. 
a. 0.0-4.9 C. optImum range for normal hatch; EA 197ab. 
9. 6.0-6.9 C. range- of TLSOs tor Mrmal hatCn; EA 1975b. 

10. 10.9 C, minimum estimate of optimum temo. for growth and 
development Irom hatch to advanced pou-yolk-s.ac larvae.; EA 1978b. 

". 20.8-:25.3 C, 3D-min Tl95,lor eggs: 121) faiJbud embryO stage, 
(b) eyed-Up embryo mgt: EA 1975b. 

12. 23.8·1S.7 C, rang& of 30-min TL9Ss tor 'l'olk-1ac.larvae (l-tla'l'-Qld); 
EA1978b. 

13. 21.1·24.2 C, range of 30~1n TL95s at acclirl'l<'llion tamps. of 3.0·7.5C 
for post-vOlk-sac laNse; EA 1978b. 

Key (Qo SAsonaf Dimibution Histograms 

lal Mean no. yoJk-sac !9fY<JIt-.coilected in 5·min plankton !OY\l$ for 1974-
1976, RM 31; TI 1975a. TI 1976a.71 19n. 

(bl Mean no. pon-yolk·SiC lervaecoll&Cted in 5-min plankton tows tor 
1974-1916, AM 37; TI 1915a, TI 1976a, TI 1977. 

Ie) Mean no. )'oung of the year collected In 5-min plank.ton tOWl for 
1974-1976, RM 36-37; TI 1975&, TI 197&. TI 1977. 

(d) :\IIleen no. vearling and older collected in 5-min bottom trawl, for 
1974-1975, RM 38-37; TI 1976b, TI ;97&. 

lei MBan no. young of the year and Older from impingement collections 
for 1913-1976: Orange and Rockland 1977. 

g 

I 
~ 

Figure 5.3-5. Thermal effects diagram for Atlantic tomcod at the Bowline Point Generating 
Station on the Hudson River. 



TABLE 5.3-4 THERMAL EFFECTS SUMMARY TABLE FOR ATLANTIC Tn~COD 

Haxillllim Area of Thermal Plume(a) Maximum A"ea of Thermal Plume(a) 
Exceeding Temperature LimIt During Exceeding Temperature Limit !luring 

Unu:lUally W/If'm Years 
Temp. lim! t 

~~cal Years 
Surface rea Volume .--- Surface Area Volume 

Oiological Activity l'herU\l\ 1 Effects 01' Range I'e,'cent(b) Percenttb) ----PercentCbT 

To ne Protected ~~--- (e) Ilefe~ !£~ Near-field Acre-ft Near-Field p'cres Near-field Ac!,~ 

l1axlll1U1a fol' Survival 
~;;;Ire;;-;;;;d-adult.s 96-hr T1.50 16,3-26.8 EA 1918b; <3.,1 <:0.052 <:32.1 <:0.022 >llfl.0 > 1.995 >6011.0 

TI 1916d 
.Juveniles un. upper Inc. 

lethal temp. 26.6 EA 1918b <29. 11 <0.415 <321.0 <:0.281 > 1"1.0 > 1.995 >6011.0 

Hlnlmllln Avoidancfl 
Artlllta .- Uppel' avoidance 

(winter only) temp. 9.6-20.0 'fI 1916d <0.6 <:0.001 q .II <0.001 (c) (e) (0) 

Max1mum Temperatuf'e 
.!"~!'_ Eat'ly !leve lopment 

I!:ggs Upper Umlt of 
opt. range 
for hatch '1.9 EA 1918b >141.0 > 1.995 >6011.0 >0.111 ( d) (d} (d) 

'l'L50 6.0-6.9 EA 1918b <141.0 <1.995 <6011.0 <0.1f 1 (d) (d) (d) 
Y01l(-3aC larvae 24-hr T1.50 11.8 EA 1918b 0 0 0 0 ( II) (d) ( d) 
Post-yoll<-8ac larvae 211-111' TL50 16.1 EA 1918b 0 0 0 0 (c) (0) (c) 

Opt Irnum fOl' 
Per COl'mance ali(I G"ollth 
-:Juveni les (SUlllI-;;e.:;r- Final prefel'enllum 10.0 EA 1918b >29.4 >0.1f15 >321.0 >0.281 >29.1f >0.1f15 >321.0 

Thel'rna 1 Shock 
Tolerance 
--Pr~me Entrainment 

shock 
Er,gs 

Tallbud embryo 30-lIIln T1.95 20.8 EA 1918b NA NA tlA NA Nil NA Nil 
Eyed-up emll,'Yo 30-mln TI.95 25.3 EA 1918b NA NA NA NA Nil Nil Nil 

Yolk-sac larvae 30-m1n 'I'l.95 23.8-25.1 Ell 1918b NA NA NA tlA NA IIA NA 
Post-yolk-sao 

larvae 1O-lIIln TI.95(e) 23.2-25.9 EA 19'(8b Nil NA NA NA Nil NA NA 
30-lIIln 1'1.95 21.1-2'1.2 EA ln8b NA NA NA NA NA NA NA 

(a-)-Calculatloll:l wel'e based on the Isother'lII excoedlng the temperature limit during operation at maximum capactty; al'eas and volumes are 
predicted according to actual flel<I surveya conducted when the plant operation load was 93.3-93.8 percent of capacity. 

(h) Pel'conl avallahle volume or arca hased on a near-field al'ea calculated as two tidal excursions (ebb) and nood) , one upstream 
(1.9 miles), and one dOllnstream 0.6 mlles); surface area of thIs near-field area = 7,067 aer·es. '!nd volume = 1116,981 acre-ft. 

(0) Temperature limits for high acclimation temperatures are not available. 

Percentn>T 
Near- fl e 1<1 

>0.'110 

>O.lIlO 

( c) 

(d) 
(d) 
(d) 
(c) 

>0.261 

NA 
Nil 
NA 

NA 
NA 

(d) The maximum area of the thermal plume exceed Lng tempel'ature requirements for early life stages does not change dlll'ing unusually warm 
ycars, since t.he OCOIIl'renCfl of these life stages 1s dependent upon spawning temperatures and thus on the timtng of spawning. 

(e) !lat'! not. ploUed on Figure 5.3-5. . 
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in the vicinity of Bowline Point during March (Figure 5.3-5) and, therefore, 

would be potentially susceptible to thermal plume exposures during this time. 

After March, most tomcod larvae occur in regions downstream of the plant area, 

though post-yolk-sac larvae are present in relatively low numbers in the vi

cinity of Bowline Point through mid-May. 

Tomcod larvae, like eggs, are very tolerant of high temperatures for short 

exposure periods. Thirty-minute TL95s for yolk-sac larvae and post-yolk-sac 

larvae acclimated to 2.5-7.5 C range from 21.1 to 25.7 C (EA 1978b:Table 

5.2-5) (Table 5.3-4). These safe temperatures exceed the maximum discharge 

temperature by several degrees centigrade during winter and early spring 

months (Figure 5.3-5, lines 12 and 13). Therefore, no mortality resulting 

from plume entrainment of Atlantic tomcod larvae is likely to occur. 

Tomcod larvae are also quite tolerant of exposures to high temperatures for 

extended periods of time during winter and early spring months. The 24-hour 

TL50s for yolk-sac larvae and post-yolk-sac larvae are 17.8 C and 16.1 C, re

spectively, at acclimation temperatures representative of ambient river tem

peratures during periods of peak abundance (EA 1978b:Table 6.2-3) (Table 

5.3-4). These 24-hour TL50s exceed the maximum discharge temperatures during 

peak abundance (Figure 5.3-5, data points number 5 and 6). Studies on the 

effects of temperature on the growth and development of tomcod from hatch to 

advanced post-yolk-sac larvae indicated that the optimum temperature for 

growth and early development was at least 10.9 C (EA 1978b:Table 9.2-8). 

Plume temperatures above 10.9 C occur only in the immediate vicinity of the 

discharge during the period of peak abundance of tomcod larvae in the area of 

Bowline Point (March) (Figure 5.3-5, line number 10). Therefore, the lower 

isotherm areas of the thermal plume would not be excluded as suitable habitat 
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for tomcod larvae during periods of peak abundance in the vicinity of Bowline 

Point. 

Atlantic tomcod are concentrated in the lower and middle portions of the estu

ary throughout spring, summer, and early fall, occurring near the bottom at 

depths greater than 20 ft (McFadden 1977:p. 6.42). Tomcod are present in the 

vicinity of Bowline Point from late April through fall, although their abun

dance decreases in this area after June (Figure 5.3-5). 

Since the Atlantic tomcod is a cold-adapted species, it is relatively intoler

ant of high temperatures during summer months. Incipient lethal temperatures 

(72- and 96-hour TL50s) for summer-acclimated Atlantic tomcod range from 

24.5 C to 26.8 C (Figure 5.3-5, data points number 3a) (EA 1978b:Table 6.2-3). 

These tolerance limits are exceeded by plume temperatures in areas less than 

3.7 acres and volumes less than 32.1 acre-ft (Table 5.3-4). The ultimate 

upper incipient lethal temperature has been estimated to be 26.6 C (Figure 

5.3-5, line number 4) (EA 1978b:p. 6.2-11). The maximum area of the plume 

exceeding this temperature is less than 29.4 acres; the maximum volume is less 

than 321.0 acre-ft (Table 5.3-3). Texas Instruments (1976f:pp. V-31 - V-35; 

1975b) observed that the growth rate of Atlantic tomcod collected from the 

Hudson River slowed considerably during high summer temperatures and increased 

again during the fall as temperatures decreased below approximately 20 C. The 

final preferendum determined for tomcod collected from the Hudson River estu

ary during late summer was only 10.0 C (EA 1978b:p. 10.2-9), a temperature 

much lower than ambient river temperatures. Therefore, the thermal plume 

would be unsuitable as a habitat for Atlantic tomcod during summer months. 

Neither the relatively shallow region where the plume occurs nor the upper 

water stratum where the elevated temperature waters of the plume predominate, 
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however, would normally be utilized as habitat by Atlantic tomcod regardless 

of temperature because of the species' preference for deeper waters of the 

estuary. 

Sexually mature Atlantic tomcod move into the shore zone of the middle estuary 

in mid-December to spawn (McFadden 1977:p. 6.46). The spawning population of 

Atlantic tomcod in the Hudson River estuary is composed almost entirely (>99 

percent) of 11- to 13-month-old adults (McFadden 1977:pp. 14.7, 14.9). Im

pingement collections at the Bowline Point plant show that Atlantic tomcod 

adults are present in the area of the plant during the winter months (Figure 

5.3-5), and are therefore potentially susceptible to thermal plume exposures 

at this time. 

Atlantic tomcod are very tolerant of increased temperatures during the winter. 

Thermal tolerance limits (96-hour TL50s) range from 16.3 C to 19.9 C for tom

cod acclimated to 1.0-3.0 C (EA 1978b:Table 6.2-3; TI 1976d:p. V-40). These 

tolerance limits exceed the maximum temperatures of the Bowline Point plant's 

thermal discharge throughout the tomcod spawning season (Figure 5.3-5, data 

points 3a and 3b). Avoidance temperatures for Atlantic tomcod acclimated to 

temperatures ranging from 0.5 C to 8.9 C (TI 1976d:pp. V-31 - V-32) occur only 

in areas of the thermal plume where discharge velocities do not permit resi

dence (Figure 5.3-5, data points number 2). Thus, adult tomcod that may be 

present within areas influenced by the thermal plume would not be excluded 

from any major habitat as a result of the elevated temperatures. Conse

quently, the thermal discharge from the Bowline Point plant would not present 

an impassable barrier for tomcod migrating upstream to spawn. 

Atlantic tomcod that become acclimated to the warmer waters of the thermal 

plume could be subjected to a sudden decrease in temperature in the event of 
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a plant shutdown. The lower incipient lethal temperature (96-hour TL50) for 

Atlantic tomcod adults acclimated to 10.0 C is less than 0.2 C (EA 1978b:Table 

7.2-1). Since the highest temperature to which a fish can become acclimated 

in the thermal plume created by the Bowline Point plant is 4.3 C above ambient 

(maximum habitable isotherm), mortality of Atlantic tomcod as a result of cold 

shock is not expected to occur. 

In summary: 

1. The potential for exposure of Atlantic tomcod to the thermal discharge 

from the Bowline Point plant is predominately limited to late fall and 

winter months when adults migrate from the deeper areas of the lower 

-estuary to upstream and shore zone areas to spawn, and to late winter 

and early spring months when larvae are abundant in the vicinity of 

Bowline Point. 

2. Early life stages of tomcod are quite tolerant of short exposures to 

high temperatures, and mortality is not predicted to occur due to 

plume entrainment. 

3. During peak spawning (January) less than 0.6 acres and 1.4 acre-ft of 

plume exceed optimum temperatures for normal hatch. However, the 

entire plume area exceeds optimum temperatures for normal egg hatching 

success at the extremes of the spawning season. This, however, is of 

little consequence because of the minimal amount of spawning occurring 

as far downstream as Bowline Point. 

4. Based on the optimum temperature for growth and early development of 

tomcod larvae and their tolerance to extended thermal exposures, young 

tomcod would not be adversely affected by the lower isotherms of the 

thermal plume. 
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5. Maximum temperatures for survival of spawning adults exceed the maxi

mum discharge temperatures, and temperatures producing an avoidance 

response occur only in the immediate vicinity of the discharge (0.7 

acres and 2.99 acre-ft). 

6. The thermal plume would not be expected to create an impassable 

barrier for migrating adult tomcod. 

7. Although the lower isotherm areas of the thermal plume may exceed the 

upper limit of the temperature range permitting survival and growth of 

tomcod juveniles during summer months, these plume areas (predomi

nately surface oriented) would not be utilized as habitat by tomcod 

juveniles regardless of the temperature because of their preference 

for bottom waters of the estuary at depths greater than 20 ft. 

8. There is no potential for cold shock mortalities as a result of total 

plant shutdown during the winter months. 

5.3.4.4 Alewife 

The alewife (Alosa pseudoharengus) is an anadromous, schooling species indige

nous to streams and lakes of the Atlantic coastal drainage of North America 

from Newfoundland (Scott and Crossman 1973:p. 121) to South Carolina (Mansueti 

and Hardy 1967:p. 55). Landlocked populations occur in the Great Lakes, the 

Finger Lakes in New York State, and other freshwater lakes (Scott and Crossman 

1973:p. 121). Young alewife serve as food for a variety of predatory fishes, 

sea birds, and mammals, both in the estuarine nursery areas and at sea. Ma

rine populations of adult alewife are taken commercially and constitute an 

important sport fishery in coastal rivers and streams during spring spawning 

migrations. Alewife spend most of their lives at sea (Scott and Crossman 
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1973:p. 124), utilizing the Hudson River estuary and other coastal river sys

tems as spawning and nursery areas. 

In the spring, mature alewife migrate from coastal waters to spawn in tribu

tary streams in the middle and upper regions of the Hudson River estuary, al

though some spawning occurs along rocky shorelines of the river (TI 1976e: 

pp. V-67, V-69, V-B4). Eggs are broadcast at random over sand or gravel 

substrates, and are demersal and slightly adhesive (EA 1978a:p. 6-2). Since 

the principal spawning and nursery area for alewife occurs in the estuary up

stream of Bowline POint, the vulnerability of alewife eggs and larvae to ther

mal plume exposures is quite low. In the vicinity of Bowline Point, clupeid 

eggs have not been collected in near-field ichthyoplankton samples and yolk

sac larvae occur only in low abundance (Figure 5.3-6). 

Early life stages of alewife that encounter the thermal plume created by the 

Bowline Point plant would not be adversely affected by the elevated tempera

tures. Eggs and yolk-sac larvae can tolerate 5-minute exposures, and, in most 

cases, 30-minute exposures to temperatures much higher than the theoretical 

maximum discharge temperatures during the alewife spawning season (EA 197Bb: 

Tables 5.2-6 and 5.2-7) (Figure 5.3-6, data points number 9 and 10) (Table 

5.3-5). Advanced post-yolk-sac larvae can tolerate temperatures of 29.1-

30.3 C (TL95s) for 5- and 30-minute exposures at acclimation (ambient) temper

atures of 20.0 C and 22.5 C (EA 1978b:Table 5.2-7) (Table 5.3-5). Although 

theoretical maximum discharge temperatures slightly exceed these tolerance 

limits (Figure 5.3-6, data point number 11), it is unlikely that mortality of 

post-yolk-sac larvae would occur as a result of entrainment into the warmest 

portion of the thermal plume because of the extremely short exposure time (5-

10 seconds). Therefore, mortality of alewife eggs and larvae is not predicted 
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Figure 5.3-6. Thermal effects diagram for alewife at the Bowline Point Generating Station 
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TABLE 5.3-5 THERMAL EFFECTS SUMMARY TABLE FOR ALEWIFE 

Temp. I.1mit 
01' Range 

(C) 

Maximum Arfla of Thermal Plume(a) 
Exceeding Temperature I.lmit Dul'ing 

----lYPical Years 
-""S-u-r""fa-c-e Area Volume 

Maximum AI'ea of Thermal Plume(a) 
Exceeding Temperature Limtt During 

_-=---= __ U",n:;.:I~ls:::.:l~la:o.l:..:IOLY Wa rIO Y os I' s 
Surface Area Volume 

nlolog1cal Activity 
To ne Protected 

TIlermal Effects 
farameter 

Pereent(b) Peroentlhf Percent( b) Per'cenUbJ 
Reference Acres Near-rield Acre-ft Near-Fteld Acres Near-field Aere-ft Near-field 

Maxim"m for Sur'vival 
Adults 
,Juveniles 

!i! nJ OII!!!!_!~ce 
J'lvenlles 

Adulls 

Maximum Temperature 
for Early Deve lopment 

Eggs 

Yo lI<-sac larvae 

Optimum for Performanne 
and Growth 

I.arvae 

,Juveniles 

TIllwmal Shock 
To Im'anee 
ColdShoCk 

-irlults 

96-hr TI.50 
96-hr "1.50 

Upper avoidance 
temp. 

Upper avoidance 
temp. 

Upper limit of 
opt. range 
for hatch 

TI.50 
211-hr "1.50 

Opt. temp. for 
/let biomass gain 

Final preferendum 

l.ower inc. lethal 
temp. + 2.0 C 

25.5-28./J 
31.7-32.6 

2/J.0-30.0 

16.0-30.0 

23.9 
25.'1-28.2 
30.7-33 .5 

26.'1 
19.5 

8.0-10.0 

EA 1978b 
EA 1978b 

Meldrim & 
Gift 1911 
TI 1973; 
EA 1978h 

EA 1978b 
EA 1978b 
EA 1978b 

<0.6 
<0.1 

<0.7 

<0.6 

<0.6 
<0.6 
o 

EA 1978b <0.6 
EA 1978b > III 1.0 

Otto et al 
1976 

NA 

<0.007 
<0.010 

<0.010 

<0.001 

<0.001 
<O.OO'{ 
o 

<0.001 
> 1.995 

NA 

<loll 
<2.99 

<2.99 

<l./j 

<l./j 
<loll 
o 

<I. It 
>60/j.0 

NA 

<0.001 
<0.002 

<0.002 

<0.001 

<0.001 
<0.001 
o 

(c) 
<0.7 

<3.1 

(c) 

(d) 
(d) 
(d) 

<0.001 11lt.0 
>O./jl >1Ijl.0 

NA NA 

(c) 
<0.010 

<0.052 

(c) 

(d) 
(d) 
(d) 

1.995 
> 1 .995 

NA 

(c) 

<2.99 

<32.10 

(c) 

( d) 
( eI) 
(d) 

6011.0 
>60'1.0 

"A 

w·- Calculations were based on the isotherm exceeding the temperature limit during operation at maximuln capacity; areas and volumes 
pre.lIeted aecor'ding to actual field surveys conducted when the plant operation load was 93.3-93.8 percent of capactly. 

(h) Pel'cent avallable volulne or al'ea based on a near-field area calculated as two tidal excur'slons (ebb) and flood), one upstream 
(1.9 miles), and one dowllstream 0.6 miles); surface area of this near-field area ~ 7,061 aOI·es. and volume = Ilj6,901 aore-ft. 

(0) Temperature limits for hl/l:h acolJmation temperatures are not available. 
(d) The maximum a,'ea of the thermal plume exceeding temperature rC(lulrements for early Ufe stages does not change durlnp. unusually 

year!J, since the oomll'renoe of these 11 fo stages is dependent upon spawning temperatures and thus on the timinr. of spawning. 

Note: NA not ar.pliollhle. 

are 

wal'm 

(e) 
<0.002 

<0.022 

(e) 

(d) 
(d) 
( .t) 

0.'11 
>0 -'I I 

NA 



IlIn)ot-!lcal IlIltJvHy nJlll'mal Effecl:s 
__ ._.T~_!!~ 1)I'oteot~____ _ __ !,araruete!_' __ 

/'lume Enlrallllllcnt 
Shock 
--£ggs-----

IHaatllla alaRo 5-11110 1'1.95 (c) 
OIaslula !Italic 30-1II1n lI.95 
1'a Jlbud cmlll'Yo 30-mlll 'fI.95 
Tall-free embl'Yo ]0-Pll0 1'1..95 

Yolk-aile lal'vae 10-mln 11..95 
""Ilanne'! pt)st-yolk- 5-mln 1'I.95(c) 

/illC larvae 10-1I1n 11.95 

Temp, I.llllit 
01' !laoge 

(C) 

28.] 
211.? 
29,2 
31.1 

30,I-U_8 
29.1-30.3 

]0.1 

TABLE 5.3-5 (CONT.) ----------------------- -

!!efel'eo,~e 

EA '9'/8b 
Ell 19'/Db 
EA 19'/Db 
"~A 1918b 
EA 1918b 
EA 19'(6b 
EA 191810 

MaxllQum AI'Cil of Thel'ma) "lumc(a) 
t:xcee<llog Tempcnltlll't! I.tmll Ilurtng 

________ .!'r~!!Lye~!'~ ___________ . __ 
SlIrfanc Al'ca Volume 

-----p;.r-:;~nln)f -----··--~~_;~~~\i(I)Y 

"cpes !!£~!:::fje!~ Acr£:::f!:: !l!:~!'-F1e!!! 

NA NA NA UA 
NA tlA NA NA 
aM tlA NA NA 
NA IIA NA riA 
IIA NA Nil NA 
HA UA tlA riA 
IlA tlA NA IlA 

Haxlmllhl AI'ea of 'Illtll"lnal Plume(a) 
I';x(:eedlng 'fempel'aLIJI'C I.tmlt 1l1lr'lng 

______ UIIII!!!.l~!!J .. ~!.~!:!!!_!£~!::'L 
SurfacI} Arca Volume 

---- l'e';-~;'-;;iJbl -----,,;;:(;;;otlh' 
ACf~ Ncar.: fie It. Ac!'.£-:r~ Nc~.:-Jl', !,! 

UA NA NA NA 
NA NA N/\ N/\ 
NA NA NA Nil 
tlA NA N/\ NA 
NA NA till tlA 
UA Nil tI/I tlA 
tlA Nil NA till 

rar-CalOl;lattons wel'e balled 011 the IsothcnR exceedJng tlte teillperature lJmll illldng operation at maximum capaeHYi al'ca3 and volume:) ar'e 
pl'edlote., aocol'dlnK to aotual flold BlII'veys conducted when the plant operation load WB'l 93_3-9].8 pel'cent of eBllaclty. 

(hI I'e,'ollnt allallable volulDe 01' Dl'ell ba'.wd 011 a near-flel •• al'ea oalculat"e,t flS tllO tidal excurslona (ehh) and floOl!), onc Ilpall'cam 
(1. I, mll(3). and one "ollllsl,'eam (3,6 l1111e3) i slll'face area of thlB near-field area = 1,06"( aCr'es. and Ilolume = "16,961 acre-ft, 

(0) (lat-a /lot plotted on FlgllI'e 5.3-6. 

Uote: till not apIIHcablo. 



to occur as a result of either short-term or extended exposures to plume 

temperatures. 

Early life stages of alewife are also tolerant of extended exposures to ele

vated temperature. Twenty-four-hour TL50s for yolk-sac larvae acclimated to 

temperatures representative of those occurring during peak abundance range 

from 30.7 to 33.5 C (EA 1978b:Table 6.2-4). These tolerance limits exceed the 

maximum discharge temperatures during peak abundance (Figure 5.3-6, line num

ber 4). Thus, yolk-sac larvae, when found in the Bowline Point vicinity, 

would be capable of tolerating extended exposures to elevated plume tempera

tures. 

The optimum temperature for growth and early development of alewife, as ap

proximated by the optimum temperature for net biomass gain (combination of 

optima for survival and growth), is 26.4 C (EA 1978b:p. 9.2-24) (Figure 5.3-6, 

line number 8). This temperature is exceeded by plume temperatures only 

within the immediate vicinity of the discharge «0.6 acres and 1.4 acre-ft) 

during May and June. Although the exclusion area increases during the mid

summer months, few clupeid larvae occur in the vicinity of the plant during 

this time. Ambient river temperatures during the spring and early summer are 

commonly lower than the optimum temperature for growth and early development 

of alewife. 

Young-of-the-year alewife increase in abundance in the vicinity of Bowline 

Point throughout the summer and fall as they migrate downstream toward the 

sea, and are the most susceptible to thermal plume exposures during peak abun

dance in October and November (Figure 5.3-6). The upper limit of the tempera

ture range permitting survival of juvenile alewife is 31.7-32.6 C C96-hour 

TL50) , depending on acclimation (ambient) temperatures (EA 1978b:Table 6.2-4) 
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(Table 5.3-5). Plume temperatures higher than these tolerance limits occur 

only in the immediate vicinity of the discharge where velocities are too high 

to allow extended exposure (Figure 5.3-6, data points number 3a). The maximum 

area of the discharge that would be potentially avoided because of high tem

peratures, based on avoidance temperatures of 26.0-30.0 C reported by Meldrim 

and Gift (1971:p. 34), is less than 0.7 acres and 2.99 acre-ft (Table 5.3-5), 

and similarly occurs only in the immediate vicinity of the discharge (Figure 

5.3-6, data points 2a). Therefore, alewife juveniles migrating shoreward and 

downstream during late summer and fall would not be excluded from any major 

habitat in the vicinity of Bowline Point because of the elevated temperatures. 

The optimum temperature for growth and performance of juvenile alewife, as 

approximated by the final preferendum, is 19.5 C (EA 1978b:p. 10.2-11). This 

final preferendum is exceeded by ambient river temperatures throughout the 

summer and early fall (Figure 5.3-6, line ,number 1a). However, since final 

preferenda only estimate some point within the optimum temperature range, sat

isfactory growth and performance may occur at even higher temperatures. As

suming that the optimum temperature for net biomass gain of advanced post

yolk-sac larvae, 26.4 C, is a better estimate of the upper limit of the opti

mum temperature for growth of juvenile alewife, the maximum area of the plume 

exceeding this limit is approximately 29.4 acres and 321.0 acre-ft during the 

summer (Table 5.3-5). This area decreases to less than 0.6 acres and 1.4 

acre-ft by mid-September when alewife juveniles begin to become abundant in 

the vicinity of Bowline Point. Because the alewife population in the vicinity 

of Bowline Point is transitory, it is unlikely that any differences in growth 

would be observed for alewife occuring in the area of the plant. 
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Since alewife adults move downstream and return to sea soon after spawning 

(Bigelow and Schroeder 1953:p. 103), they are predominately susceptible to 

thermal plume exposures only during April and May. The 96-hour TL50s for 

adult alewife during spring months range from 25.5 C to 28.4 C, depending on 

acclimation (ambient) temperatures (EA 1978b:Table 6.2-4). These tolerance 

limits exceed temperatures in all areas of the plume except for the immediate 

vicinity of the discharge where velocities are too high to allow extended 

exposure (Figure 5.3-6, data points number 3b). Temperatures that would be 

potentially avoided by migrating adults range from 16.0 C to 30.0 C, depending 

on acclimation (ambient) temperature (EA 1978b:Table 10.2-4; T1 1973: 

pp. IV-23 - 1V-24), and would similarly occur only in the immediate vicinity 

of the discharge (Figure 5.3-6, data points number 2b and 2c). Thus, alewife 

adults migrating to upstream areas of the estuary to spawn would not be ex

cluded from plume areas greater than 0.7 acres and 2.99 acre-ft because of the 

warm temperatures (Table 5.3-5). As a result, the thermal plume created by 

the Bowline Point plant would not be expected to block alewife spawning 

migrations. 

Alewife that become acclimated to the warmer waters of the thermal plume could 

be subjected to a sudden decrease in temperature in the event of a plant shut

down. The lower tolerance limits for adult alewife acclimated to 15.0 C and 

21.0 Care 8.0 C and 10.0 C, respectively (lower incipient lethal temperature 

plus 2.0 C) (Otto et ale 1976:p. 102), These represent temperature decreases 

of 7.0 C and 11.0 C. Since the highest temperature to which a fish can become 

acclimated in the thermal plume created by the Bowline Point plant is 4.3 C 

above ambient (maximum habitable isotherm), mortality of alewife is not pre

dicted to occur because of cold shock (Figure 5.3-6, data points number 12). 

5.3-50 



In summary: 

1. Exposure of alewife to the thermal plume created by the Bowline Point 

plant is predominately limited to spring months when adults migrate to 

upstream areas of the estuary to spawn, and to late summer and early 

fall months when the young migrate downstream to the sea. 

2. Whereas early life stages occur predominately in upstream nursery 

areas, eggs and larvae that may be present in the vicinity of Bowline 

Point would suffer little or no appreciable harm because of plume en

trainment or because of extended exposures to the lower temperature 

plume areas. 

3. Maximum temperatures for survival and upper avoidance temperatures for 

juveniles and adults are normally exceeded only in the immediate vi

cinity of the discharge where high velocities prevent extended 

exposure. 

4. Alewife should not be excluded from any major habitat in the vicinity 

of Bowline Point, nor should the elevated temperatures block upstream 

spawning migrations. 

5. No mortalities resulting from cold shock in the event of a plant shut

down are predicted to occur. 

6. Optimum temperatures for growth and performance are exceeded only in 

the high velocity-high temperature areas of the plume where extended 

exposure is restricted. 

5.3.4.5 White Catfish 

The white catfish (Ictalurus catus) is endemic to coastal streams and rivers 

from Massachusetts south to Florida, and west along the Gulf Coast to the 

Escambia drainage (Mansueti and Hardy 1967:p. 161; Carlander 1969:p. 519). It 
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is a year-round resident within the tidal portion of the Hudson River estuary, 

but is not abundant. 

White catfish are predominately bottom-dwellers during all life stages, inhab

iting both fresh and brackish waters up to a maximum salinity of 14.5 ppt 

(Kendall and Schwartz 1968:pp. 106-107). They spawn during late spring and 

early summer when temperatures increase above 20 C (Turner and Kelley 1966: 

p. 135), depositing their eggs in adhesive masses within circular depressions 

on the river bottom (Miller 1966:p. 432). The eggs and young are closely 

guarded by the parents and travel in dense schools until the end of the first 

summer (Breder and Rosen 1966:p. 258; Mansueti and Hardy 1967:p. 161), In the 

Connecticut River, Marcy (1976:pp. 89-90) observed that white catfish over

wintered in the tributaries, coves, and attached ponds, returning to the main 

river in early spring where they remained throughout the summer and fall. 

White catfish occur in the vicinity of Bowline Point from late June through 

November (Figure 5.3-7), and are minimally exposed to the surface-oriented 

thermal plume because of their bottom-dwelling habit. 

Early life stages of white catfish are very tolerant of high temperatures. 

Thirty-minute TL95s for post-yolk-sac larvae and early juveniles acclimated to 

24.5-25.0 C range from 35.0 to 36.3 C (EA 1978b:Table 5.2-8) (Table 5.3-6). 

Since these temperatures exceed maximum discharge temperatures during peak 

abundance, the potential for plume entrainment mortality is negligible (Figure 

5.3-7, data points number 10). 

White catfish larvae and early juveniles are also tolerant of longer exposures 

to elevated temperature. Twenty-four-hour TL50s range from 34.6 C to 35.4 C 

(EA 1978b:Table 6.2-5). These thermal tolerance limits exceed maximum dis

charge temperatures at the Bowline Point plant during warm summer months 
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TABLE 5.3-6 THERMAL EFFECTS SUMMARY TABLE FOR WHITE .CATFISH 

Biological Activity 
To De Protected 

Mille hilum for Su rv j val 
--Jiiven Hes and Adu 1 ts 

Adults 

Minimum Avoidance 
-A;j~;It-s 

MaximulIl "emp. for 
~!Y. Deve 10jlment 

Post-yolk-sac larvae 
and early juveniles 

Post-yolk-sac larvae 
and early juvenile3 

Optimum for Performance 
and Gl'owth 

P03t-yolk-sllC lal'vae 
and early juvenlle3 

Atfults 
YOIlllg-of-the-year 

Thermal Shock 
Tolerance 

Cold Shock 
J\lvenlt;;s 

Plume Entra Inment 
Shock 
--Pos't-yolk-sac 

larvae and early 
.!uvenlles 

Temp. Limit 
Thel'mal Effects or Range 

"al'ameter (e) Reference 

96-hr 1'1.50 25.6-3lJ.7 EA !978b 
lilt. upper Inc. 

lethal lemp. 3'1.2 EA 1978b 

Field avoidance 3S.0 Marcy 1976 
t.emp. 

2'l-hr TL50 3
'
1.6-35.lJ EA 1978b 

Ult. upper inc. 
letha 1 temp. 33.0 EA 1918b 

Upper limit of 
opt. temp. 
for growth 32.2 EA 1978b 

Fl.nal preferendUio 28.7 EA 1978b 
Final preferendulR 30.5 EA 1918b 

TLSO .. 2 C 3.6 EA !978b 

30-mln TL95 35.0-36.3 EA 1978b 

Maximum Area of TIlermal Plume( a) Maximum Area of TIler'mal Plume(a) 
Exceeding Temperature Limit /luring Excee<llnp, Temper'ature Limi t DurinR 

T~Eical Years Unu:!ua!!LUarm Years 
Surface lrea Volume Surface Area Vohlme 

PercentCb) Percent(b) PereentTbT Pereent{bl 
Acres Near-fleld Acre-ft Ncar-Field Acres Near-field Acre-r..~ Near-fleld 

0 0 0 0 <0.7 <0.01 <2.99 <0.002 

0 0 0 0 <0.7 <0.01 <2.99 <0.002 

0 0 0 0 <0.7 <0.01 <2.99 <0.002 

0 0 0 0 <0.01 <0.01 <2.99 <0.002 

0 0 0 0 <0.1 <0,01 <2.99 <0.002 

<0.1 <0.01 <2.99 <0.002 <0.7 <0.01 <2.99 <o.oo? 
<0.7 <0.01 <2.99 <0.002 <1lJ1.0 <1.995 <60lt.0 <0.'11 
<0.7 <0.01 <2.99 <0.002 <0.7 <0.01 <2.99 <0.002 

NA NA NA NA NA NA NA NA 

NA NA NA NA NA NA NA NA 

(a) CIIlculal:.1ons were based on the isotherm exceeding the temperature limlt during operation at maximum C8PIICtt.Yi areas and volumes are 
predicted aceording to actllal field sUl'veys eonducted when the plant operation load was 93.3-93.8 percent of capacity. 

(b) Percent availahle volume or area based on a near-field area calculated as two tidal excursIons (ebb) and flood), one IIp3tream 
(1.9 mile3) , and one dowlIslr'eam 0.6 mlles); surface area of this near-f.leld area = 7,067 acres, and volume = 1'16,98',. aor·e-ft. 

Not.e: "J. not appll na"l e. 



(Figure 5.3-7, line number 6). Furthermore, the ultimate incipient lethal 

temperature for young white catfish, 33.0 C (21-day TL50) (EA 1978b:p. 9.2-29), 

is exceeded by plume temperatures only in the immediate vicinity of the dis

charge, where v~locities do not permit extended exposures (Figure 5.3-7, line 

number 9) (Table 5.3-6). Plume temperatures exceeding the upper limit of the 

optimum temperature for growth of post-yolk-sac larvae and early juveniles, 

32.2 C (EA 1978b:p. 9.2-24), similarly occur only in the immediate vicinity 

of the discharge (Figure 5.3-7, line number 8). Therefore, no major habitat 

influenced by the thermal plume from the Bowline Point plant would impair the 

survival or growth of young white catfish. 

Older white catfish are equally tolerant of high temperatures. Ninety-six

hour TL50s range from 25.6 C to 34.7 C for juveniles and adults acclimated to 

7.5-26.0 C (EA 1978b:Table 6.2-5) (Figure 5.3-7, data points number 4). 

These exceed maximum discharge temperatures throughout the year (Table 5.3-6). 

The ultimate incipient lethal temperature for adult white catfish, 34.2 C (EA 

1978b:p. 6.2-19), also exceeds maximum discharge temperatures (Figure 5.3-7, 

line number 5) (Table 5.3-6). In the Connecticut Yankee Atomic Plant discharge 

canal (Connecticut River), Marcy (1976:pp. 90-91) observed that white catfish 

did not appear to avoid the warm discharge waters until temperatures increased 

above 35.0 C. Therefore, bottom areas in the Vicinity of Bowline Point that 

may be influenced by the thermal plume should not be excluded as suitable hab

itat ~or white catfish. 

The optimum temperatures for performance and growth of young-of-the-year and 

adult white catfish, as approximated by the final preferenda, are 30.5 C and 

28.7 C, respectively (EA 1978b:p. 10.2-15). These temperatures would seldom 

be exceeded by the habitable isotherms of the thermal plume «4.3 C) (Figure 
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5.3-7, lines number 1, 2a, and 2b) (Table 5.3-6). Thus, white catfish that 

may reside within areas influenced by the thermal discharge from the Bowline 

Point plant would not be adversely affected by the warm temperatures. 

White catfish that may become acclimated to the warmer waters of the thermal 

plume could be subjected to a sudden decrease to ambient river temperatures in 

the event of a plant shutdown. The lower tolerance limit for white catfish 

acclimated to 16.5 C is 3.6 C (96-hour TL50 + 2 C) (EA 1978b:Table 7.2-1). 

This lower tolerance limit represents a temperature decrease of 12.9 C below 

acclimation temperatures (Figure 5.3-7, data point number 11). Since the 

highest temperature to which a fish can become acclimated in the thermal plume 

is 4.3 C above ambient, the potential for cold shock mortality of white cat

fish is quite low. In addition, white catfish densities clearly decline dur

ing the late fall months to low winter levels (Figure 5.3-7), further minimiz

ing the potential for cold shock. 

In summary: 

1. White catfish are potentially susceptible to thermal plume exposures 

throughout the summer and fall months, although exposures would be 

limited to the lower plume isotherms because of their preference for 

bottom areas and because of the surface orientation of the thermal 

plume. 

2. All life stages are very tolerant of high temperatures, and would not 

be excluded from any portion of the thermal plume likely to extend to 

the bottom. 

3. Mortality resulting from plume entrainment should not occur. 

4. The potential for mortality of white catfish as a result of cold shock 

in the event of a plant shutdown is minimal. 
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5.3.4.6 Spottail Shiner 

The spot tail shiner (Notropis hudsonius) occurs in North America from sections 

of Canada southward in the United States, to Georgia in the east, and to Iowa 

and Missouri in the west (Scott and Crossman 1973:p. 460). Although not of 

commercial importance, it is occasionally used as bait and serves as prey for 

larger fish. The spottail shiner is a year-round resident in the Hudson River 

estuary. 

Spottail shiners inhabit the shore zone areas of the Hudson River estuary 

throughout the spring, summer, and fall, moving offshore into deeper water 

during winter months (TI 1976e:pp. V-124, V-126). They are most abundant in 

fresh or slightly brackish waters upstream of the Bowline Point plant (TT 

1976e:p. V-124). Spottail shiners spawn in spring and early summer. Similar 

to other cyprinids, the eggs are demersal and strongly adhesive, and, there

fore, would not be vulnerable to plume entrainment exposures. Major concen

trations of juveniles occur between Hyde Park and Albany (MP 77-152) (TI 

1976e:p. 126), indicating that this section of the river is a major nursery 

area and possibly a principal spawning ground. Young-of-the-year spottail 

shiners are present in the vicinity of Bowline Point (M? 37.5) in relatively 

low abundance during late summer and early fall, while adults occur in larger 

numbers primarily during spring and fall months (Figure 5.3-8). During this 

time, they would potentially be exposed to the lower temperature isotherms of 

the thermal plume that intermittently influence the shore zone areas, varying 

with the tidal currents and wind. 

Young spottail shiners are quite tolerant of high temperatures. Thirty-minute 

TL95s for early juveniles acclimated to 23.0-26.0 C range from 35.0 to 35.8 C 

(EA 1978b:Table 5.2-9). These safe temperatures exceed maximum cooling water 
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Figure 5.3-8. Thermal effects diagram for spottail shiner at the Bowline Point Generating 
Station on the Hudson River. 



discharge temperatures from the Bowline Point plant during warm summer months 

(Figure 5.3-8, data points number 9). Furthermore, the ultimate incipient 

lethal temperature for young spottail shiner, 33.1 C (21-day TL50) (EA 1978b: 

p. 9.2-29), similarly exceeds these discharge temperatures (Figure 5.3-8, line 

number 7) (Table 5.3-7). The upper limit of the optimum temperature range for 

growth of young spottail shiners has been determined to be 32.2 C (EA 1978b: 

p. 9.2-29). The maximum area and volume of the thermal plume with tempera

tures greater than 32.2 C are less than 0.7 acres and 2.99 acre-ft, respec

tively (Figure 5.3-8, line number 6) (Table 5.3-7). Since plume temperatures 

exceeding these upper limits for survival and growth occur only in areas where 

discharge velocities do not permit extended exposure, temperatures within 

plume areas normally occupied by young spottail shiner in the vicinity of Bow

line Point would not impair their survival or growth. 

Older juveniles and adults are equally tolerant of high temperatures. Upper 

incipient lethal temperatures C96-hour TL50s) range from 22.6 C to 34.4 C for 

spottail shiners acclimated to 5.0-26.0 C (EA 1978b:Table 6.2-6). These ther

mal tolerance limits are exceeded by plume temperatures only in the immediate 

vicinity of the discharge where high velocities do not permit residence 

(Figure 5.3-8, data points number 4). The maximum area of the discharge that 

would be potentially avoided because of high temperatures during spring 

months, based on avoidance temperatures reported by T1 (1973:pp. 1V-19, 

1V-22), is less than 0.6 acres and 1.4 acre-ft (Figure 5.3-8, data points 

number 10) (Table 5.3-7). Thus, shore zone areas in the vicinity of Bowline 

Point that may be influenced by the thermal plume would not be excluded as 

suitable habitat for spottail shiners. 
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TABLE 5.3-7 THERMAL EFFECTS SUMMARY TABLE FOR SPOTTAIL SHINER 

Maximum A,'ea of Thel'mal Plume(a) liaxlmllm Area of Thermal PllllRe(a) 
Exceeding TemperaluI'e Limit During Exceeding Temperat.ure Lim! t Ilurlng 

Typical Years UIllISllall:r: Warm Years 
Temp. LimIt Surface Area Volume Surface Ar'ea Volume 

Biological Activity Ther'mal Effects or Range Percent< b) Perc~nt<hT Pe rc e-;:;tJbT PereentffiT 
To ne P,'olect.ed Parameter Refe/'ence Acres Near-rleld Aere-ft Near-Field Acres Near-field Acre-ft Near-field __ (_C) __ 

------

Hilxlmllm for Sur'vival 
--:;UVenlles and-adults 96-hr TL50 22.6-3'1.4 EA 191Bb <0.6 <0.001 <1.4 <0.001 <0.1 <0.010 <2.99 

tllnllllum Avoidance 
-"A;tu 1 ts-( ear lysr>rlnK) Upper avoidance 

temp. 8.0-11.B 'f! 1913 <0.6 <0.001 < 1.11 <0.001 (c) (c) (c) 

Hax I mlrm 'rempera ture 
.f2!.:_~~_~~~~pmeot 

Eal'ly Juven 11 es Ult. upper inc. 
lelhal temp. 33.1 EA 1918b 0 0 0 0 <0.1 <0_010 <2.99 

Optimum for Performance 
aod Gl'owth 
--'Ear ly j~~v en 11 es Upper IhQil of 

opt. temp. range 
fol' growth 32.2 t:A 1918b <0.7 <0.01 <2.99 <0.002 <0.1 <0.01 <2.99 

Aclults and Juveniles 
(Hay-September) 

50-90 Irna Final preferendum 2'1.8 EA 1918b >1'11.0 > 1.995 >6011.0 >0.410 >141.0 >1.995 >604.0 
>90 rom FInal preferend.un 20.1 EA 1918b >1111.0 >1.995 >6011.0 >0.1110 > 141.0 > 1 .995 >60".0 

'Illel'm"l Shook 
1'01 er'aocc 
-Cold Shock 

-Adults and Juveniles 96-hr TI.50 + 2 C 0.0-8.1 EA 1918b NA NA NA NA NA NA NA 

Plume Entrainment 
--Ear lYJuven1leS 30-min TL95 35.0-35.8 EA 1918b tlA NA NA NA NA NA' NA 

-c-;;r Ca }(;tIlations were baaed on the isotherm exceedln(l'; the temperature limH. during operation at, maximum capacity j areas and volumes are 
pred lcted according to aotual field surveys conducted when the plant operation load was 93.3-93.8 percent of capacity. 

(b) Percent available volume or area based on a near-rieid area calculated as two Udal excursions (ebb) and flood), one upstream 
(1.9 mHes), and one downstream 0.6 mlles)j surface area of this near-field area = 1,061 aores, and volume = 146,981 acre-ft. 

(0) 1'emper'ature linltts for high acclimation temperatures are not available. 

Note: NA not appHcahle. 

<0.002 

(e) 

<0.002 

<0.002 

>0.410 
>0."10 

NA 

NA 



Final preferenda of spot tail shiners vary according to size and season (EA 

1978b:pp. 10.2-15 - 10.2-17). During the cooler times of the year, the final 

preferenda are typically equal to or slightly higher than ambient river tem

peratures. However, during the summer, ambient river temperatures often ex

ceed the final preferenda (Figure 5.3-8, lines 1, 2a, and 3a, and points 2b 

and 3b). Since spottail shiners are often abundant in the shore zones of the 

estuary where temperatures are typically warmer than in the deeper channel 

areas, it is possible that these final preferenda do not estimate the upper 

limit of the optimum temperature for performance and growth in the case of 

spottail shiner. 

Spottail shiners that may become acclimated to the warmer waters of the ther

mal plume could be subjected to a sudden decrease to ambient river tempera

tures in the event of a plant shutdown. Adults and juveniles can tolerate 

temperature decreases of at least 10.0 C below acclimation temperatures, even 

to a lower temperature of 0.0 C (EA 1978b:Table 7.2-1) (Figure 5.3-8, points 

number 8). Since the highest temperature to which a fish can become accli

mated in the thermal plume is 4.3 C above ambient (maximum habitable isotherm), 

no mortality of spottail shiner is predicted due to cold shock. 

In summary: 

1. Juvenile and adult spottail shiners are potentially susceptible to 

thermal plume exposures throughout most of the year, although expo

sures are limited as a result of the concentration of spot tail shiners 

in areas upstream of the Bowline Point and their preferences for shore 

zone areas. 
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2. Spottail shiners are very tolerant of high temperatures, and would not 

be excluded from any portion of the thermal plume that may occur in 

shore zone areas based on temperature requirements for survival. 

3. Mortality would not occur as a result of plume entrainment or cold 

shock. 

4. Although shore zone areas that may be influenced by the thermal plume 

would not be excluded as suitable habitat for young spottail shiners, 

the final preferendum for adults is exceeded by most plume areas. 

5.3.4.7 Atlantic and Shortnose Sturgeon 

The Atlantic sturgeon (Acipenser oxyrhynchus) and the shortnose sturgeon (A. 

brevirostrum) are distributed along the Atlantic Coast of North America from 

Canada to Florida. During the late 1800s, Atlantic sturgeon constituted a 

significant commercial fishery in the Hudson River; however, their abundance 

declined considerably in the early 1900s (Scott and Crossman 1973:p. 95). 

Although the fishery has shown recovery in recent years, commercial catches in 

the United States are only about half as large as those of the 1880s. The 

shortnose sturgeon is of little commercial importance because of its small 

size and relative scarcity throughout its range. The U.S. Department of Inte

rior has placed the shortnose sturgeon on its list of endangered species. 

Atlantic sturgeon are anadromous, migrating into freshwater areas of tidal 

rivers and estuaries to spawn in the spring (Bigelow and Schroeder 1953). In 

the Hudson River, mature adults enter the estuary to spawn from April through 

June (Boyle 1969:p. 201; Greeley 1937:p. 68), and have been collected in 

freshwater portions of the estuary between Highland and Saugerties (MP 76-101) 

(Greeley 1937:p. 68). After hatching, the young remain in freshwater for sev

eral years before going to sea (Scott and Crossman 1973:p. 94). During 1973 
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fishery surveys in the Hudson River estuary, juvenile Atlantic sturgeon were 

predominately collected in areas upstream of the Bowline Point plant (T1 

1976e:p. V-96). 

The shortnose sturgeon, which is less migratory than the Atlantic sturgeon, 

spends most of its life in fresh and brackish waters of large tidal rivers, 

but has been collected in saltwater (Scott and Crossman 1973:p. 81; Dadswell 

1975:pp. 17,20). Adults apparently spawn in deep, turbulent regions of main 

river channels during the spring at temperatures of approximately 10 C 

(Dadswell 1975: pp. 12-13; Greeley 1937:p: 90). Dadswell (1975:pp. 17-20) 

observed a seasonal migration pattern for shortnose sturgeon in the St. John 

estuary, New Brunswick. He reported that shortnose sturgeon overwintered in 

the deeper saline regions of the lower estuary, moving into the main channel 

areas in the spring to spawn, and migrated upstream and shoreward during sum

mer months. In the Hudson River estuary, shortnose sturgeon have been col

lected in the Tappan Zee to Kingston regions (MP 24-93), although the majority 

were taken upstream of Bowline Point eMP 37.5) between MP 39 and 46 (TI 1976e: 

p. V-94; McFadden 1977:p. 6.56). 

Sturgeon are predominately bottom dwellers during all life stages. The eggs 

are demersal and strongly adhesive, and are deposited in large masses on the 

river bottom (Vladykov and Greeley 1963:p. 51). Young and adults are highly 

adapted for preying on bottom organisms such as gastropods and benthic crusta

ceans (McFadden 1977:p 5.36). Temperature requirements for Atlantic and 

shortnose sturgeon are not available. However, since the thermal plume at the 

Bowline Point plant is primarily a surface phenomenon, it should have little 

or no effect on any sturgeon life stages that may occur in the area. 
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5.3.4.8 Bay Anchovy 

The bay anchovy (Anchoa mitchelli) is a small, euryhaline, schooling fish that 

occurs in estuaries and coastal waters of North America from Maine to Yucatan, 

Mexico (Mansueti and Hardy 1967:p. 86). Bay anchovies are an important food 

item for many larger predator fish, and have been found to be a major food of 

the striped bass in the Chesapeake Bay (Raney 1952:pp. 53-55). 

Bay anchovy spawn throughout the summer in coastal harbors, bays, and estuar

ies (Dovel 1971:p. 8; and Perlmutter 1939). In the Hudson River estuary, bay 

anchovy spawn predominantly in the higher salinity waters downstream of the 

Bowline Point plant (TI 1976e:p. V-110). The abundance of bay anchovy eggs at 

Bowline Point is largely determined by the intrusion of the salt front (ORU 

1977:p. 9.1-66). Eggs often occur in the vicinity of Bowline Point (MP 37.5) 

during July (Figure 5.3-9); however, during 1973 ichthyoplankton surveys in 

the Hudson River, no bay anchovy eggs were collected above MP 33 (T1 1976e: 

p. V-111). 

Bay anchovy eggs are susceptible to plume entrainment when present in the area 

of the Bowline Point plant. The eggs are buoyant when newly spawned, becoming 

demersal with advancing development (EA 1978a:p. 10-1), and have been col

lected throughout the water column (T1 1976e:p. V-110). No thermal tolerance 

information on bay anchovy eggs is available; however, since the eggs natu

rally occur in waters at maximum summer ambient temperatures as high as 27.3 C 

(TI 1916e:p. V-110), it is likely that they would also be able to tolerate 

most plume .entrainment exposures. 

After hatch, bay anchovy larvae move upstream into lower salinity nursery 

areas (TI 1916e:p. V-113), and are found in abundance in the vicinity of Bow-
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Figure 5.3·9. Thermal effects diagram for bay anchovy at the Bowline Point Generating Station 
on the Hudson River. 



line Point during summer months (Figure 5.3-9). Bay anchovy larvae occur 

throughout the water column (ORU 1977:p. 9.1-71) and, therefore, would be sus

ceptible to exposure to all portions of the thermal plume. 

Although actual thermal tolerance limits have not been determined for bay an

chovy larvae, they appear to be well adapted to high temperatures. Houde 

(1974:pp. 273-274, 282) successfully reared bay anchovy larvae at temperatures 

as high as 32.0 C, and observed the highest growth rate at that temperature. 

This optimum temperature for early development of bay anchovy exceeds river 

ambient temperatures (Figure 5.3-9, line number 4) (Table 5.3-8). Plume en

trainment exposures to temperatures in excess of the 32 C growth optimum would 

last only a few seconds. Since young fish of other RIS tolerated brief expo

sures to temperatures much higher than their optimum temperature for early 

development and growth, it is unlikely that mortality of bay anchovy larvae 

would result from entrainment into even the maximum temperature areas of the 

thermal plume. 

Bay anchovy juveniles occur in the Bowline Point area throughout the summer 

and early fall months (Figure 5.3-9), migrating downstream with the onset of 

cool temperatures during October eTI 1976e:p. V-115). Their abundance in the 

viCinity of Bowline Point is largely determined by the intrusion of saltwater 

into the area; young bay anchovy have been observed to occur in greatest abun

dance at a salinity range of approximately 3-7 ppt (Dovel 1971:p. 7; TI 1976e: 

p. V-115). Adults are also present in the plant area during the summer (Fig

ure 5.3-9), although they are predominately found in the regions of the es

tuary located farther downstream (TI 1976e:p. V-107). Both juveniles and 

adults occur throughout the water column in all major habitats (shore zone, 

shoal, and channel areas) eTI 1976e:pp. V-107, V-113), and, therefore, would 
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TABLE 5.3-8 THERMAL EFFECTS SUMMARY TABLE FOR BAY ANCHOVY 
----------------------------~~,------- -----------------------------

lllologitlal Aotlvlly 'I'herma} Effects 
___ !!! .. ~~~~~ _ l'a!~' __ 

ttaxllIIlllll for Survival 
--s;;~'its ~-- 9J-llI' 11.50 

ttlnlAIIl1ll AvoldilOce 
]'!::!!!l!!:r~r!L ___ 

tulll Hs alld JUVOII Has Ullper avoidance 
telaps. 

11ax Imuill 'i'ellljHlI'atlire 
1'0., ,¥.~!:Jy J)ev~}oIIlQe!ll:. 

l.aI'vae til n l/IIUIII est. of 
optimum telllp, 

11le,'",a I Shock 
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frequently come into contact with the lower isotherm areas of the thermal 

plume. 

Juvenile and adult bay anchovy, like earlier life stages, appear to be well 

adapted to warm-water environments. Gallaway and Strawn (1974:p. 95) studied 

the distribution of bay anchovies in a thermal discharge in Galveston Bay, 

Texas, and found that they preferred temperatures between 24.5 C and 32.5 C, 

and were occasionally collected at temperatures as high as 37.0 C. The ther

mal tolerance limit for bay anchovy subadults acclimated to 24.0 C is 33.0 C 

(93-hour TL50) (EA 1978b:p. 6.2-29) (Figure 5.3-9, data points number 2). This 

exceeds the maximum discharge temperature at the Bowline Point plant (Table 

5.3-8). Temperatures that would be potentially avoided by bay anchovy, based 

on avoidance temperatures reported by Meldrim et al. (1974:p. 41), normally 

occur only within the immediate vicinity of the discharge where velocities are 

too high to permit residence (Figure 5.3-9, data points number 1). Therefore, 

bay anchovy juveniles and adults that encounter the area influenced by the 

thermal discharge from the Bowline Point plant would not be excluded from any 

major habitat because of the elevated temperatures. 

Bay anchovies that become acclimated to the warmer waters of the thermal plume 

could be subjected to a sudden decrease in temperature in the event of a plant 

shutdown. The lower incipient lethal temperature for bay anchovy acclimated 

to 20.0 C is 12.0 C (168-hour LD60 + 2 C) (Wyllie et al. 1976:p. 17). Thus, 

during the summer and fall months the potential for cold shock is minimal 

since bay anchovy can tolerate large temperature drops (at least 8.0 C). Dur

ing the winter months when a greater cold shock potential may exist, bay 

anchovy are no longer found in the Bowline Point vicinity (Figure 5.3-9, hav

ing migrated downstream to coastal waters. 
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In summary: 

1. Bay anchovy commonly occur in the vicinity of Bowline Point during 

summer and early fall months; their abundance in the area of the plant 

is largely determined by the upstream intrusion of the salt front. 

2. Since the distribution of bay anchovy in the brackish waters of the 

estuary is not restricted to any unique habitat, all life stages would 

be potentially susceptible to thermal plume exposures. 

3. Although thermal tolerance information on the early life stages of bay 

anchovy is not available, this species appears to be well adapted to 

warm-water environments; mortality resulting from plume exposures is 

not likely to occur. 

4. The optimum temperature for development and growth of bay anchovy lar

vae is much higher than normal river temperatures, and no detrimental 

effects on growth of young bay anchovy because of the warm plume tem

peratures would occur. 

5. Based on thermal tolerance limits and avoidance temperatures, bay 

anchovy juveniles and adults would not be excluded from any major 

habitat within the thermal plume because of elevated temperatures. 

6. The potential for cold shock in the event of a plant shutdown is mini

mal since bay anchovy are not found in the plant vicinity during the 

winter months. 

5.3.4.9 Weakfish 

The weakfish (Cynoscion regalis) is a marine species occurring along the At

lantic coast of the United States from Massachusetts Bay to eastern Florida, 

and is an important sport and commercial species in the middle Atlantic area, 

including New York coastal waters (Perlmutter et al. 1956:p. 1). 
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Weakfish utilize the Hudson River estuary primarily as a nursery area. Young 

weakfish move upstream from coastal spawning areas near the mouth of the estu

ary into the brackish portion of the lower regions of the Hudson River, where 

they remain during the warmer summer and fall months (Tr 1976e:p. V-169). 

Post-yo1k-sac larvae and young-of-the-year weakfish occur in the vicinity of 

Bowline Point predominately during July and August, although they are not 

abundant (Figure 5.3-10). Eggs, yolk-sac larvae, and adults are not found in 

the Hudson River as far upstream as Bowline Point (Tr 1976e:p. V-169). 

The susceptibility of young weakfish to thermal plume exposures is greatly 

reduced because of their preference for the deeper channel areas of the estu

ary (Tr 1976e:pp. V-270 - V-274). Although no published thermal tolerance 

data are available, weakfish have been shown to avoid temperatures ranging 

from 3.0 to 7.0 C above ambient river temperatures (Figure 5.3-10, data points 

number 2) (Public Service Electric and Gas Company, Newark, New Jersey, 

personal communication). Thermal plume temperatures exceeding the minimum 

avoidance temperature reported would be found within a maximum area less than 

3.7 acres and volume less than 32.1 acre-ft (Table 5.3-9). Avoidance tempera

tures typically occur within the thermal plume only in the immediate vicinity 

of the discharge where velocities do not permit extended residence. There

fore, weakfish that may come into contact with the elevated temperatures pro

duced by the thermal discharge would not be excluded from large areas because 

of the elevated temperatures. 

The optimum temperature for growth and performance of juvenile weakfish, as 

approximated by the final preferenctum, is 26.7 C (Wyllie et al. 1976:p. 15). 

This temperature is exceeded in areas of the thermal plume greater than 2.0 C 

above ambient--up to 141 acres and 604 acre-ft (Figure 5.3-10, line number 2) 
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TABLE 5.3-9 THERMAL EFFECTS SUMMARY TABLE FOR WEAKFISH 

Dlological Activity 
___ ~ne P~~~ 

HI,,!!!!!!!m Avoidance 
Juveniles 

Opllmum for Performance 
and Gl'owt.h 

Thermal Effects 
Parameter 

tipper avoidance 
temp. 

JI~venile8- Final preferendUl4 

Telnp. I.1ml t 
01' Range 

(Cl 

24,0-33.0 

26.1 

Haxlmum Area of 1l1f~rmal Plume(a) 
Exceeding Temperature l.imit Durin/>; 

Typlca) Years 
Surface Area Volume 

Maximum Area of Thel'ma) Plllme(a) 
Exneedlng TemperatUl'e I.iml t During 

_..--:;;-__ U"'i;n.!!slIally Warm Year's 
Surface Area Volume 

Percent(b) Percent(bf Perce;;t1bT p;.;::;;e;;tm 
Reference ~ Near-field Acre-f! Near-Field 

Public 
Service 
.Electrlc 
and Caas Co. <3.'1 

Wyllie 
et a1. 
1916 < 1111.0 

<0.052 

<1.995 

<32.10 <0.022 

<6011.0 <0.111 

Acres Near-field Acre-ft Nesr'-field 

<3.1 <0,052 <32.10 <0.022 

> 1111.0 > 1 -995 >6011.0 >0.41 

7a)C.alculations wel'e based on the lsother'm exceeding the temperature 11mlt during operation at maximum capacity; areas and volumes are 
predicted according to aclual field surveys conducted when the plant operation load was 93-3-93.8 percent of capacity. 

(b) Percent ava tIable volume or area based on a near-field area calculated as two tidal excursions (ebb) and flood). one upstream 
(1.9 mlles), and one downstream C3.6 miles) j surface area of this near-field area = 1,061 acres, and volume = 1,,6,981 acre-ft. 

Note: NA not applicable. 



(Table 5.3-9). However, since the final preferendum only estimates some point 

within the optimum temperature range, satisfactory growth and performance may 

occur within a portion of that area. However, because of the preference of 

young weakfish for the deeper channel areas of the estuary, and the predomi

nately surface-oriented nature of the thermal plume, the potential for contact 

with the elevated temperature plume waters is minimal. 

In summary: 

1. The susceptibility of weakfish to thermal plume exposures is limited 

to summer and early fall months when the young are present in the vi

cinity of Bowline Point. 

2. The probability of exposure to the thermal plume is decreased consid

erably because of their preference for the deeper channel areas of the 

estuary. 

3. Based on upper avoidance temperatures and the optimum temperature for 

growth and performance, weakfish that may be present within the area 

influenced by the thermal discharge would not be adversely affected by 

the elevated plume temperatures. 

5.3.4.10 Neomysis 

Neomysis americana is the most common mysid inhabiting the northeastern estu

aries and inshore coastal waters of the United States (Hopkins 1958:p. 5) and 

is very abundant in the lower Hudson River estuary (NYU 1974:pp. 122-141). 

Neomysis are important because of their role as a major food item for many 

fish species, including young striped bass (McFadden 1977:pp. 4.8, 5.9). 

Neomysis have been collected in the Bowline Point area from June through De

cember (Figure 5.3-11). The upstream penetration of Neomysis into the Hudson 
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Station on the Hudson River. 



River estuary is dependent upon the intrusion of the salt front; therefore, 

only when saline water is present at Bowline Point would Neomysisbe exposed 

to the elevated plume temperatures produced by the Bowline Point plant (ORU 

1977:pp. 8.1-69 - 8.1-71). 

When present in the vicinity of Bowline Point, Neomysis could be subjected to 

short-term exposures to elevated temperatures as a result of plume entrain

ment. Safe temperatures (TL95s) for Neomysis range from 28.8 to 33.0 C for 

exposure durations of 5, 10, and 30 minutes when acclimated to normal river 

temperatures during the summer (EA 1978b:Table 5.2-11; NYU 1973:pp. 136-139) 

(Table 5.3-10). Exposure to plume temperatures greater than these safe tem

peratures would occur only for organisms entrained directly into the warmest 

portions of the discharge, where exposures to the higher elevated temperatures 

would last only 5-10 seconds (Figure 5.3-11, data points number 2,3, and 4). 

No information on the thermal tolerance of Neomysis for exposures less than 5 

minutes is available; however, Crangon septemspinosa, a species with thermal 

tolerance limits similar to those reported for Neomysis (EA 1978a!p. 12-13; 

1978b:Table 5.2-11), tolerated a 10-second exposure to temperatures over 5.0 C 

higher than thermal tolerance limits for a 10-minute exposure. Since the 10-

minute TL95s for Neomysis are within 1.2 C of the maximum discharge tempera

tures, a 10-second tolerance limit similar to that reported for Crangon would 

assure survival of Neomysis that are entrained into even the warmest discharge 

waters. 

An important factor that minimizes the exposure of Neomysis to entrainment 

within higher elevated temperatures of the thermal plume is the diurnal 

behavior pattern of this species. Neomysis are primarily distributed in the 

bottom water strata during the day (Herman 1963:p. 231), and migrate toward 
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TABLE 5.3-10 THERMAL EFFECTS SUMMARY TABLE FOR NEOMYSIS AMERICANA 

Maximum Area of TIler'Inal I'lume(a) Maximum Ar'ca of TI)eI'mal Plume(a) 
Exceeding Tempera~ure Limit Ihwlng EXceedIng Temperature /.I,mit During 

T~l!lcal Years Unu~]ual !i~m Yca~ ___ 
Temp, I.1mit Surface Area Volume SUl'face Area Volume 

Biological Activity TIlerma 1 Effects or flange Pereent.TiiT Percent(bJ PercentCbT Percendb} 
__ '1'0 Be Prot~eted Parameter ( C) Reference Acres Near-field Acre-ft Near'-Fie ld Acres Near-field Acre-ft Near-field -----
l-laxlmum for Sur'vlval -Arl;;l t-s------- 211-hr TI.50 1'7,O-29.1i EA 19'{8; <0.1 <0,01 <2,99 <0.002 <10.1 <0,1113 <113.0 <O.OTT 

Mlhursl<y 
& Kennedy 
1961 

.!!ler'!!!al Shock Tolerance 
Entr'ainment 
Shock 

Adults 30-1II1n TI.95 26.6-31.7 EA 1918b; tIl. NA NA NA NA NA NA NA 
NYU 1913 

A<lults 10-1111 n fl.95 31.7-33.0 EA 1918b NA NA NA NA NA NA IIA NA 
Adult." 5-min 1'1.95 32.5 NYU 1973 NA NA NA NA NA NA NA NA 

'Ca) Calculations were based on the isotherm exceeding the temperature limit during operation at maximum capacity; areas and volumes a,'e 
predioted according to antual field surveys conducted when the plant operation load was 93.3-93.8 percent of capacity. 

(h) Percent "-tva liable volume or area based on a near-field area oa lculated as l\/O tidal excursions (ebb) and flood}, one upstream 
(1.9 ,nUes), and one downstrealll (].o mil es); surface area of this near-field area = 7,067 acres, and volume = 1116,901 acre-ft. 

Nole: NA not applicable. 



the surface at night (Herman 1963:p. 231; Ginn 1977:pp. 103-105). Since dis

charge temperatures are generally reduced at night owing to off-peak load con

ditions, Neomysis that become entrained into the thermal plume during nightly 

vertical migrations would be exposed to lower discharge temperatures than ob

served during peak operation. 

Although exposures to the higher plume temperatures are limited to only 5-10 

seconds, organisms may be exposed to the lower plume isotherms for somewhat 

longer time periods. Twenty-four-hour TL50s range from 17.0 to 29.4 C (EA 

1978b:Table 6.2-8; Mihursky and Kennedy 1967:p. 27), depending on the time of 

the year and thus the acclimation temperature. These tolerance limits range 

from 4.0 to 15.0 C above ambient. Areas of the plume warmer than these toler

ance limits usually occur only in the immediate vicinity of the discharge 

where high velocities do not permit extended exposure (Figure 5.3-11, data 

points 1a and 1b) (Table 5.3-10). 

In summary: 

1. The susceptibility of Neomysis to thermal plume exposures is limited 

to those times of the year when saline water is present in the vicin

ity of Bowline Point. 

2. Neomysis that become entrained into the thermal plume during nightly 

vertical migrations towards the water surface would normally be 

exposed to lower discharge temperatures as a result of off-peak load 

conditions during the night. 

3. Based on the tolerance of Neomysis to elevated temperatures for both 

short-term and extended exposures, mortality is not predicted to occur 

due to entrainment into the thermal plume created by the Bowline Point 

plant. 
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5.3.4.11 Crangon 

Crangon septemspinosa (sand shrimp) is a common inhabitant of estuaries and 

near-shore coastal waters and has been collected along the northwestern Atlan

tic from Newfoundland to eastern Florida (Price 1962:p. 144; Williams 1965: 

p. 89). Both larval and mature Crangon are common in the lower Hudson River 

estuary, but are not abundant (Hopkins, unpublished:p. 19). 

Crangon have been collected in the Bowline Point vicinity from July through 

December (Figure 5.3-12). Like Neomysis, Crangon's upstream penetration into 

the Hudson River is dependent on the intrusion of the salt front (Hopkins, 

unpublished:p. 19). Therefore, Crangon would be exposed to the elevated plume 

temperatures only when saline water is present in the area of the plant. 

Early larval stages of Crangon are planktonic (Sandifer 1972:p. 284) and, 

therefore, would be susceptible to plume entrainment exposures when in the 

vicinity of Bowline Point. Older larval stages and adults are predominately 

epibenthic (Price 1962:pp. 249-250; Sandifer 1972:p. 284) and would be less 

susceptible to plume entrainment. Safe temperatures (TL95s) for Crangon ac

climated to 16.0-24.0 C range from 28.6 to 31.8 C for continuous exposures of 

10, 30, and 60 minutes (EA 1978b:Table 5.2-11). Exposures to plume tempera

tures greater than these safe levels would occur only for Crangon entrained 

directly into the warmest portions of the discharge, where exposures to the 

higher isotherms would last only 5-10 seconds (Figure 5.3-12, data points num

ber 3, 4, and 5). Crangon acclimated to 16.0 C have been shown to tolerate 

temperatures as high as 33.9 C (TL95) for a 10-second exposure (17.9 C above 

ambient) (EA 1978b:Table 5.2-11). This tolerance limit exceeds maximum dis

charge temperatures throughout the year (Figure 5.3-12, data points number 6). 
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Therefore, mortality of Crangon would not be expected as a result of entrain

ment into even the warmest portions of the thermal plume. 

Although exposures to the higher plume temperatures are limited to only 5-10 

seconds, Crangon inhabiting the bottom area near the discharge would intermit

tently be exposed to the lower isotherms of the thermal plume for longer 

periods, depending on the tide. Twenty-four-hour TL50s range from 27.5 to 

29.5 C, these temperatures being from 4.5 to 13.0 C above ambient (Figure 

5.3-12, data points number 1) (Milhursky and Kennedy 1967:p. 27). Plume tem

peratures greater than these tolerance levels would not impact the bottom 

areas, and would occur only in the high velocities adjacent to the diffuser 

ports (Table 5.3-11). 

In summary: 

1. The susceptibility of Crangon to thermal plume exposures is limited to 

those times of the year when saline water is present in the vicinity 

of Bowline Point. 

2. The potential for entrainment of older larvae and adults into the 

warmer portions of the thermal plume is reduced because of their pre

dominately epibenthic existence. 

3. Based on the tolerance of Crangon to elevated temperatures for both 

short-term and extended exposures, mortality is not predicted to occur 

due to entrainment into the thermal plume created by the Bowline Point 

plant. 

5.3.4.12 Gammarus spp. 

Three species of gammarid amphipods found along the Atlantic coast of North 

America have been reported to inhabit the Hudson River estuary: Gammarus 
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fasciatus, Q. tigrinus, and Q. daiberi (Ginn 1977:p. 3; Ristich et al. 1977: 

p. 260). G. fasciatus is a freshwater species found in coastal drainages from 

Cape Cod and southern New England south to tributaries of the Chesapeake Bay, 

in lakes and rivers of the St. Lawrence River system (Bousfield 1958:p. 69; 

1973:p. 53), and in the Great Lakes (Clemens 1950:p. 42). G. daiberi occurs 

in salinities up to 15 ppt and ranges from the Hudson River to South Carolina 

(Bousfield 1973:p. 52). G. tigrinus ranges from southern Labrador south to 

Chesapeake Bay, although it is found intermittently in coastal areas as far 

south as Florida (Bousfield 1973:p. 51). Gammarus spp. are a major food item 

for many Hudson River fishes (McFadden 1977:p. 48; ORU 1977:p. 8.1-169). 

The most abundant amphipod in the Hudson River is Q. daiberi (Ginn 1977:p. 68), 

which is predominantly pelagic during the night and benthic during the day 

(ORU 1977:p. 8.1-163). Q. tigrinus was the least abundant amphipod collected 

in the Hudson River by Ginn (1977:pp. 66-68), and is essentially benthic 

(Bousfield 1973:p. 51). G. fasciatus is benthic and semipelagic (Bousfield 

1973:p. 53), and is generally confined to the upriver portions of the Hudson 

River estuary (Ginn 1977:p. 68). Although the potential exists for exposure 

of all three species to the thermal plume created by the Bowline Point plant, 

only Q. daiberi has been identified in near-field plankton collections (ORU 

1977:pp. 8.1-162). 

Gammarus spp. are present in the area of Bowline Point throughout the year 

(Figure 5.3-13), but are most susceptible to plume entrainment during periods 

of peak abundance in the spring and late fall. Thirty-minute safe tempera

tures (TL95s) for Gammarus spp. range from 25.5 to 37.1 C, depending on accli

mation (ambient) temperature (EA 1978b:Table 5.2-11; NYU 1973:pp. 130-132). 

These safe temperatures are several degrees centigrade higher than maximum 
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discharge temperatures throughout the year (Figure 5.3-13, data points number 

3a and 3b). In addition, Gammarus spp. acclimated to 19.0-22.0 C tolerated 

temperatures as high as 40.7-42.2 C (TL95s) for 10-second exposures (EA 1978b: 

Table 5.2-11). Therefore, no mortality of Gammarus spp. would occur as a re

sult of plume entrainment. 

Although exposures to the higher plume temperatures are limited to only 5-10 

seconds, Gammarus spp. may be exposed to the lower plume isotherms for longer 

time periods. Twenty-four-hour TL50s for Gammarus spp. range from 30.5 to 

33.8 C, depending on acclimation (ambient) temperature (EA 1978b:Table 5.2-11; 

Mihursky and Kennedy 1967:p. 27; NYU 1973:pp. 132-133). These tolerance lim

its also exceed maximum discharge temperatures during all times of the year 

(Figure 5.3-13, data points number 1a and 1b). Gammarus spp. acclimated to 

high river ambients (25.0 C) tolerated a temperature increase of 8.0 C above 

ambient for 48 hours (TL50 = 33.0 C) (Figure 5.3-13, data point number 2); 

temperatures greater than this tolerance limit would occur only in areas of 

the discharge where high velocities would prevent extended exposures (Table 

5.3-12). Furthermore, the upper avoidance temperature for Gammarus spp., 

31.7 C (Ginn 1977:p. 159), would similarly occur only within the immediate 

vicinity of the discharge (Table 5.3-12) (Figure 5.3-13, data points number 

5). Therefore, the distribution and abundance of Gammarus spp. within the 

area influenced by the thermal plume from the Bowline Point plant should not 

be altered as a result of the elevated temperatures. 

Reproduction of Gammarus spp. has also been shown to be unaffected by expo

sures to elevated temperatures comparable to those that would be encountered 

in the thermal plume of the Bowline Point plant. Ginn (1977:pp. 136-140) re

ported that the reproductive activities of mature Gammarus spp. were not af-
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fected by up to 60-minute exposures to an 8.3 C temperature shock above an 

ambient temperature of 26.0 C. In addition, the same exposure did not affect 

the release of young by ovigerous female Gammarus spp. (Figure 5.3-13, data 

point number 4). Ginn (1977:pp. 139-143) further reported that a 17-day expo

sure of Gammarus spp. to a 15.6 C elevation above ambient (10 C) actually 

stimulated reproductive activities. Since these safe temperature increases 

reported by Ginn exceed potential thermal plume exposures, no detrimental ef

fects on the reproduction of Gammarus spp. would occur because of exposure to 

elevated temperatures within the Bowline Point plant's thermal plume. 

In summary: 

1. Gammarus spp. are susceptible to thermal plume exposures throughout 

the year, although the abundance of Gammarus spp. in the Bowline Point 

vicinity is relatively low during summer months. 

2. Gammarus spp. are extremely tolerant of short-term exposures to ele

vated temperatures, and no mortality would occur as a result of en

trainment into the thermal plume created by the Bowline Point plant. 

3. Based on the tolerance of Gammarus spp. to extended exposures, their 

avoidance responses to high temperatures, and their temperature re

quirements for reproduction, the distribution and abundance of Gam

~ spp. within the area influenced by the thermal plume would not 

be affected by the elevated temperatures. 
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CHAPTER 6: COST-BENEFIT ANALYSIS FOR CLOSED-CYCLE COOLING AT THE 
BOWLINE POINT GENERATING STATION 

Incorporated by reference into this 316(a) demonstration are Exhibits 23 and 

28 in Docket II-C/WP-77-1 of the consolidated adjudicatory hearing for the 

major Hudson River electric generating stations, respectively entitled 

"Bowline Point Generating Station: Engineering, Environmental (Nonbiological), 

and Economic Aspects of a Closed-Cycle Cooling System" and "Report on Cost-

Benefit Analysis of Operation of Hudson River Steam-Electric Units with Once-

Through and Closed-Cycle Cooling Systems." These exhibits show that the in-

stallation of cooling towers at the Bowline Point plant will entail capital 

costs of $77,820,000 and annual levelized operating and owning costs of 

$21,959,753 per year. 

Chapters 4 and 5 of this demonstration have shown that the thermal discharge 

from the Roseton plant has not caused prior appreciable harm to the aquatic 

biota of the Hudson River estuary, nor has it interfered with the protection 

and propagation of a balanced indigenous community of shellfish, fish, and 

wildlife in and on'this waterbody. Consequently, the installation of cooling 

towers at this plant to drastically reduce the thermal discharge would entail 

incurring great economic costs to achieve no appreciable benefit to the 

aquatic biota. Therefore, it can only be concluded that the costs of install-

ing closed-cycle cooling at the Bowline Point .plant are wholly disproportionate 

to the benefits to be achieved from the reduction of the thermal discharge 

from this plant. 

6.1-1 
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Introduction 

The use of large amounts of Hudson River water 

to cool the condensers at the Bowline Point, Indian 

Point, and Roseton·generating stations has associated 

with it some potentially adverse fmpact on fish due to 

entrainment and ~pingement. Entrainment is the pas

sage of the early life stages of fish through the plant 

cooling water system, during which some are killed. Im

pingement is the entrapment of small fish on the intake 

screens that prevent debris from entering the cooling 

water system. These impacts are generally confined to 

fish during their first year of life. 

Central Hudson Gas and Electric Corporation, the 

Consolidated Edison company· of New York, Inc., Orange 

and Rockland utilities, Inc., and the Power Authority 

of the state of New York (the utilities) are engaged 

currently in an extended consolidated adjudicatory 

hearing before Region II of the federal Environmental 

Protection Agency (EPA) to consider, among other mat

ters, the extent of the entrainment and impingement 

impact of their plants and to determine the best way 

to mitigate that impact if mitigation is found to be 

necessary. The purpose of this paper is to sununarize 
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the issues and to suggest a practical alternative that 

is more in the public interest than continuing with the 

adjudicatory hearing. 

The Issues 

The principal issue in the current EPA adjudica

tory hearing is a determination of the best technology 

available for min~izi~g adverse environmental impact. 

The EPA Administrator and the EPA General Counsel have 

ruled that this statutory test requires a determina

tion that the costs of any mitigation measures should 

not be substantially disproportionate to their bene

fits. This is consistent with the President's recentl¥ 

announced policy to take steps to curb inflation. 

The utilities submitted extensive testimony to 

EPA in July 1977 Which concludes that the impacts of 

the existing cooling systems are not ?iologically sig

nificant, will not result in significant reductions in 

the fish populations of the Hudson River, and do not 

justify the construction of expensive and large cool

ing towers. Their testimony is based on many years of 

biological investigations of the Hudson River, the 

most extensive study of its kind ever conducted on a 
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single estuarine ~aterbody. 

EPA has not yet submitted its direct testimony 

in the proceeding. However, an EPA staff position 

paper prepared before the utilities' biological stu

dies were completed and submitted asserts that the im

pacts are significant, and warrant the installation of 

new closed cycle cooling systems (cooling towers) at 

all of the plants to replace the existing once through 

systems. In the EPA staff's view, closed cycle cool

ing is the best available technology for the intake 

structures to minimize adverse impact. Apparently, 

EPA staff has made no cost-benefit study however, and 

staff has maintained that cost-benefit co~siderations 

are irrelevant. 

The utilities' testimony includes an evaluation 

of the costs and benefits of closed cycle versus once 

through cooling, concluding that the costs of retrofit

ting close~ cycle cooling systems exceed by more than 

100 fold any quantifiable benefits that would be real

ized. This is based on t:.he small impacts of the plants 

on fish, a capital cost of approximately $372 million 

for tJ:le cooling towers that 'WOuld have to be construc

ted as part of the closed cycle systems, and annual 
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levelized customer revenue requirements of approl{i

mately $109 million. The utilities point out that 

more than 720,000 additional barrels of oil per year 

would be consumed in order to make up for the effi

ciency losses resulting from cooling towers. 

The utilities" testimony also includes studies 

of methods to mitigate some of the impacts resulting 

from entrainment and impingement. Those studies were 

undertaken in order to determine Whether alternatives 

to cooling towers might be available in the event that 

the biological studies concluded that significant ad

verse impacts take place. 

The impingement mitigation device with the high

est proven potential appears to be traveling screens 

equipped with troughs (Ristroph screens). These 

screens, illustrated in Figure 1, reduce impingement 

impact by collecting impinged fish in the troughs, from 

which they can be returned to the river. Virginia 

Electric Power Company has tested these screens for 

several years and reports survivals exceeding 9~~. 

They cost substantially less than cooling towers (less 

than $15 million compared to $372 million) and do not 

involve the energy penalty implications of cooling 
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towers. A recent study by the utilities on the poten

tial of Ristroph screens in mitigating impacts is dis

cussed in the following section. 

Another type of device, angled screens, has 

also been studied by the utilities in laboratory flume 

tests and shows potential as an impingement mitigation 

device. Angled screens reduce impingement impact by 

diverting fish approaching the intakes into a bypass 

system, from Which they are returned to the river. 

The laboratory tests indicated that up to 96% of the 

fish approaching the angled screens were successfully 

diverted. However, angled screens have not been field 

tested, making it impossible to est~ate confidently 

the exact level of mitigation that would be realized 

under field conditions. 

Extensive testing and field observations have 

shown that entrainment survival is substantially more 

than assumed prior to testing. The EPA permit deter

minations were based on the assumption that supstan

tially all entrained organisms would be killed during 

passage through the plant. Recent biological studies 

show that this is not the case and that survival of 

entrained striped bass ranged from 3~~ to 83%, depend-
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ing on life stage. Survival of other species is com

parably high. 

Mitigation Alternatives 

The utilities recently conducted a modeling 

study to ascertain the extent to Which modification 

of the intakes at the four Hudson River plants to miti

gate fmpingement fmpact would mitigate overall impact, 

and to compare the results with the level of mitiga

tion that would be achieved with cooling towers at the 

same plants. The study utilized entrainment survival 

rates derived from the recent biological studies. Im

pacts on striped bass, White perch, and Atlantic tom

cod were examined, as these are the species most im

pacted by the power plants. 

The extent of mitigation that would be achieved 

with Ristroph screens at Bowline Point and Indian Point 

Units 2 and 3 was calculated based on a 75% efficiency 

level, which represents a conservative estimate of the 

lowest efficiency level for such devices that would be 

expected on the Hudson River. Installation of Ristroph 

screens at Roseton is not warranted, since impingement 

is not significant at that plant •. The results, summa-
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rized in the attached table, show that with installa

tion of Ristroph screens the overall impact on adult 

striped bass would be reduced by 41% compared to the 

impact expected with continued use of once through 

cooling. The reduction in impact would be 51% of 

that which would be attained by the installation of 

cooling towers at all of the plants. In other words, 

installation of the Ristroph screens would achieve 

more than 5~h of the benefits of six cooling towers, 

at about 5% of the cO,sts. 

With respect to adult white perch; installa

tion of Ristroph screens at the three plants would 

reduce the overall impact by 58% compared to the im

pact expected with continued use of once through cool

ing, and would be 64% as effective in reducing impacts 

as the installation of cooling towers at all plants. 

Impingement mitigation resulting from the installa

tion of Ristroph screens at the three plants would be 

about 27% as effective as construction of cooling 

towers in reducing impacts on Atlantic tomcod. 

The comparisons of the effectiveness of these 

screens and cooling towers are relatively insensitive 

to the controversial question of the extent of the 
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compensatory resek~e of the fish populations. 

Conclusions 

1. Cooling tower installation would involve 

large capital expenditures which would neces

sarily have to be borne by the utilities' cus

tomers in increased rates. 

2. The costs of towers far outweigh their en

vironmentalbenefits, with commensurate infla

tionary effects. Towers would also have sub

stantial energy requirements. 

3. Ristrophscreens have been proven to be 

very efficient in reducing impingement im

pacts. When compared to closed cycle cooling 

at the Hudson River plants, installation of 

Ristroph screens at Bowline Point and Indian 

Point units 2 and 3 would be very effective 

in minimizing impacts on fish. 

4. Ristroph screens installed at Bowline 

Point and Indian Point units 2 and 3 would 

cost only about 5% of the amou~t necessary to 

install cooling towers at the Utilities' 



9 

plants. Ristroph screens would achieve more 

than 50% of the benefits of cooling tower$, 

at a low operating cost, and with no tmpact 

on oil consumption. 

5. Ristroph screens could be des igned and 

installed in a relatively short period of 

time. On the other hand, if one or more 

cooling towers were found to be required 

after the current EPA proceedings are con

cluded in the early 1980s, it would still 

take four or more additional years to install 

any cooling towers required. 

Given the above factors, it is reasonable to 

consider whether an alternative to the current lengthy 

adjudicatory process m~ght be in the public interest, 

including the interest of fishery protection. Such an 

alternative program could be: 

1. Immediate initiation by the Utilities 

of a program to install Ristroph screens 

at Bowline Point and Indian Point units 2 

and 3 so.that operation could begin as 

early as 1981 or 1982. 



10 

2. Evaluation of the effectiveness of the 

installed screen devices for a two-year 

period While continuing to monitor the over-

all impact of power plant operation on the 

Hudson River fishery. 

! 3. Suspension of the current adjudicatory 
I -

proceedings pending consideration of the 

effectiveness of the screens actually insta1-

led on the River. 

The above program wou14 immediately benefit the 

aquatic environment. It offers a realistic demonstra-

tion of mitigation of fishery impacts without the need 

to incur substantially increased expenditures, more 

oil consumptio~, or increased rates. Finally, given 

that NPDES permits must be renewed every five years, 

the responsible regulatory authorities will be fully 

capable of monitoring developments, and requiring any 

additional modifications in the future as might be 

justified. 



Figure 1 

SIDE ELEVATION 
fiSH SCREEN 

Schematic diagram of the Ristroph travelin,g flSh screen. 



~UCTIONS IN ADULT STRIPED BASS, WHITE PERCH 
AND ATLANTIC TOMCOD POPULATIONS UNDER VARIOUS 

MITIGATION ALTERNATIVES 

Percent Reduction in Adult Population 
Mitigation Alternative Striped Bass White Perch AtlanticT<;>mcod 

Once through cooling at all plants 7.6 21.6 2.7 

75% impingement mitigation at Bow- 4.5 9.0 2.1 
line Point and Indian Point units 
2 and 3 

Closed cycle cooling at all plants 1.4 2.2 0.6 

COMPARISON OF MITIGATION ACHIEVED WITH 75% 
IMPINGEMENT MITIGATION AT BP, IP2, AND IP3 TO THAT 

ACHIEVED WITH CLOSED CYCLE COOLING AT ALL PLANTS 

Impact Reduction (%) % Effectiveness 

Species 
Impingement Closed Cycle 
Mitigation Cooling 

Impingement . Closed Cycle 
.., vs. I' 

M~t~gat~on Coo ~ng 

Striped bass 3.1 6.2 51 

White perch 12.6 19.4 64 

Atlantic tomcod 0.6 2.1 27 
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Introduction 

The principal issue in the current consolidated 

adjudicatory hearing of Central Hudson Gas and Electric 

Corporation, the Consolidated Edison Company of New 

York, Inc., Orange and Rockland Utilities, Inc., and 

the Power Authority of the State of New York before 

Region II of the federal Environmental Protection 

Agency (EPA) is a determination of the best technology 

available for minimizing adverse environmental impact 

under Section 3l6{b) of the Clean water Act. The pur-

pose of ~his paper is to summarize the technical is-

* sues related to that determination. 

Impact of Once Through Cooling 

Central to a determination of the best technol-

ogy available for minimizing adverse environmental im-

pact at the Hudson River power plants is an evaluation 

of the entrainment and impingement impact of those 

plants. The utilities submitted extensive testimony 

in July 1977 which concly.des ~chat the impacts of the 

existing once through cooling systems are not biologi-

cally significant and will not result in significant 

* For a general discussion of the issues# see 
"Mitiga:t"ing Aquatic Impacts at Bowline Point, Indian 
Point units 2 and 3, and Roseton Generating Stations -
The Issues and Alternative Solutions." 
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reductions in the fish' populations of the Hudson River. 

(Entrairunent) 

The early life stages of some Hudson River fishes 

are susceptible to entrainment in power plant cooling 

water circulating systems. The utilities have conducted 

extensive farfield and nearfield sampling efforts to 

determine the distribution and abundance of these early 

life stages, as well as the relative abundances eptrain~d 

at the plants (1). Whereas it was formerly assumed that 

substantially all entrained organisms would be killed 

(2), the utilities have shown that many or most survive. 

Survival of entrained striped bass, for example, ranges 

from 38 to 83%, depending on life stage (3). Survival 

of other species is comparably high. 

(Impingement) 

Small fishes Which have grown beyond entrainable 

size are subject to impingement on the intake screens 

that prevent debris from entering the plant. The 

majority of the fishes that are actually impinged are 

juveniles ranging in size from approximately 2 to 5 

inches in total length. The utilities ~ave conducted 

extensive stUdies of the ~undances of impinged fishes, 
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the causal facto~s in impingement, and fish survival 

following impingement (4). 

(Compensation) 

Power plant induced mortality of fishes attrib

utable to entrainment and impingement is offset by the 

natural phenomenon of compensation, Which is the ten

dency of populations of living organisms to experience 

a decrease in death rate or increase in birth ~ate, or 

both, as population density declines. Compensation 

leads to population stabilization. 

The utilities have conducted extensive studies 

of the theory of compensation, its role in fisheries 

maintenance, the compensatory mechanisms exhibited in 

Hudson River striped bass populations, and the quanti

fication of the compensatory reserve in Hudson River 

striped bass (5). The issue in the current proceeding 

is not the functioning of compensation to offset power 

plant and othe~ losses, but rather the actual level of 

the compensatory reserve of the population. 

(Impact predictio~) 

The ~pact of entrainment and tmpingement on the 

Hudson~iver striped bass population is evaluated using 
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the real time life cycle (RTLC) model ~ which mathemat

ically represents the interplay of mass transport. bio

logical and ~lant operating parameters to simulate the 

development of the striped bass population from egg 

deposition through adulthood (6). The empirical data 

collected by the utilities is used as input to the 

model to arrive at a prediction of long term popula

tion effects (7). 

Using the RTLC model and the empirical data. the 

utilities' studies indicate that continued operation of 

Bowline Point. Indian Point and Roseton with once 

through cooling over the next 40 years would cause a 

reduction in the Hudson River striped bass population 

of about 8% (8). 

~e impact of entrainment and impingement on 

White perch and Atlantic tomcod populations is evalu

ated by application of an equilibrium reduction equa

tion (ERE), which was derived from studies of the 

theory of population dynamics in fish populations (9). 

The empirical data collected by the utilities are used 

to determine the values of the pa~ameters of the equa

tion (10). 
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Mitigating Measures Studies 

The utilities have continued to study the sur

vival of entrained organisms and have obtained con

siderable confirmatory evidence that substantial num

bers survive entrainment in the cooling water systems 

(11) • 

They have also studied methods to mitigate im

pingement impacts by means of evaluation of work being 

done by other groups and by conducting engineering 

feasibility studies, laboratory studies, field studies 

and modeling studies specific to the Hudson River. Of 

the mitigation devices examined, the one with the high

est proven potential appears to be traveling screens 

equipped with troughs (Ristroph screens). Angled 

screens have shown potential in the laboratory, but 

have not been field tested. Barrier nets have also 

shown potential in those situations where they can be 

successfully deployed (12). 

(Ristroph Screens) 

Ristroph or bucket screens use a conventional 

traveling screen modified with troughs for the reten

tion of impinged fishes. The fish are then ~shed 

from the moving troughs and transported back to the 
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receiving waters. Virginia Electric Power Company 

(VEPCO) has tested this type of screening device for 

several years at its Surrey plant on the James River, 

and has reported survivals exceeding 9~~ for striped 

bass and white perch (13). 

The utilities have conducted survival studies 

of fish impinged on the existing intake screens and 

found that many fish could survive the impingement 

process were they returned to the river (14). They 

have also conducted a limited field study of a bucket 

screen system at one intake screen of Indian Point 

Unit 1 (IS). Striped bass survival was comparable to 

that achieved by VEPCO, but White perch survival was 

only about 45%. However I it is expected that these 

survivals could be increased significantly by improved 

operation and collection procedures. A minimum of 

75% survival would be expected. 

(Angled Screens) 

The angled screen diversion system is designed 

to include flush mounted traveling screens that are 

angled to the intake flow and a bypass system that 

serves to guide fish away from the plant intake. The 



7 

velocity gradient developed along the face of the 

screens elicits an avoidance response in fish~s and 

allows them to be bypassed safely~ 

The utilities have conducted expertmental test

ing of angled screens in a laboratory flume Which 

showed that 96% of the fish were successfully diverted 

(16). They have also conducted conceptual engineering 

studies of the feasibility of retrofitting angled 

screens at Indian Point and Bowline Point (17). 

Since angled screens have not been field tested, 

it is not possible to estimate accurately the exact 

level o~ mitigation that would be achieved without 

some prototype effort. 

(Cooling Towers) 

An EPA staff position paper published before 

the results of the utilities' biological studies were 

available asserted that cooling towers should be retro

fitted at the Hudson River plants (18). The utilities 

examined this alternative and submitted testimony to 

show that retrofitting cooling towers would have an 

estimated capital cost of $372 million and annual 

levelized revenue requirements of approximately $109 
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million (19). They concluded that the costs are more 

than 100 times any quantifiable benefits that would be 

realized (20). 

Effectiveness of Al~ernative Mitigating Measures 

In order to demonstrate the effectiveness of 

the alternative intake structure technologies described 

herein in reducing power plant iml?act, calculations 

were made to compare the reduction in indicated plant 

impact on Hudson River populat~ons of striped bass, 

White perch, and Atlantic tomcod achievable with the 

modified intakes with the reduction estimated to result 

from installation of cooling towers (21). Two somewhat 

different methodologies.were employed in these calcula

tions, one for striped bass and another for White perch 

and Atlantic tomcod. 

~mpact estimates for striped bass were obtained 

from the RTLC ~odel. The input parameters required for 

model simulation were based on 1974 data as reported 

in McFadden and Lawler (22). Impact estimates for 

White perch and Atlantic tomcod were obtained from the 

ERE using data reported earlier (23), Which was adjust

ed to reflect average conditions at the plants over the 
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period from 1976 through 2013 (24). Each method was 

applied, assuming continued use of once through cool-

ing and also operation with cooling towers, so that 

comparisons of the available technolqgies could be 

d~veloped. The value of the compensation parameter 

alpha was also varied, but this had almost no effect 

on the ~elative effectiveness of the alternative tech-

nologies (25). 

As compared to once through cooling, install a-

tion of cooling towers at Indian Point, Bowline Point, 

and Roseton would reduce projected impacts as follows: 

striped Bass 81% * 

White Perch 90% 

Atlantic Tomcod 

* I.e.: From Table 5 of LMS (1978) for an alpha of 
5~(7 .57-1.43)/7 .57 = 81% 

Calculations for White perch and Atlantic 
tomcod were based on data from Tables 6 
and 7, respectively, of LMS (1978). 
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Installation of 75% efficient Ristroph screens at 

Bowline Point and Indian Point units 2 and 3 would 

reduce projected impacts as follows: 

striped Bass 

White Perch 

Atlantic Tomcod 

* 41% 

58"10 

21% 

comparatively. mitigation of the impingement impact 

on striped bass with Ristroph screens at Indian Point 

units 2 and 3 and Bowline Point would be 51% as 

effective in reducing impact as installation of cool-

ing towers at all of the plants. Impingement mitiga-

tion would be 64% as effective as cooling towers for 

White perch, and 27% as effec.tive for Atlantic tomcod. 

* I.e.: From Table 5 of LMS (1978) for an alpha of 
5, (7.57-4.50)/7.57 = 41% Where 4.50 is 
estimated based on the Rose"con results. 

Calculations for White perch arid Atlantic 
tomcod were based on data from Tables 6 
and 7, respectively, of LMS (1978). 
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SUMMARY 

BOWLINE POINT GENERATING STATION 
BA VERSTRAW, NEW YORK 

( ) Draft (XX) Final Environmental Statement 
• 

Responsible Office: Department of the Army 
New York District, Corps of Engineers 
26 Federal Plaza 
New York. N.Y. 10007 

1. Nature of Action: (XX) Administrative ( ) Legislative 

2. Description of Action 

The New York District, Corps of Engineers is ~onsidering several 
alternative actions in connection with the continued operation of the 
Bowline Point and Roseton Generating Stations. Both stations are in 
full commercial operation within the electrical supply system of the 
New York Power Pool. Permits authorizing the construction of intake 
and discharge structures and other activities related to the construc
tion of these stations were issued by the District in 1970 and 1971. 
The District now has legal obligations to evaluate the environmental 
impacts of the Bowline Point and Roseton Generating Stations and to 
determine the appropriate course of action regarding their continued 
operation. Alternatives available to the District are (1) to retain 
unaltered, (2) to modify, (3) to suspend or (4) to revoke the permits 
issued by the District. 

3a. Environmental Impacts 

The environmental impacts associated with each of the alterna
tives enumerated above are described in the present statement. The 
analysis of impacts encompasses the cumulative effects associated 
with all existing power plants on the Hudson River. In 
the analysis of cumulative effects, particular attention is directed 
towards the Bowline Point and Roseton Generating Stations, both 1,200 
megawatt oil-fueled power plants on the Hudson River located. respec
tively, at Haverstraw and Newburgh, New York. 

Operation of the Bowline Point and Roseton power plants entails 
t~e consumption of fuel oil and the withdrawal of water from the 
Hudsor. River for condenser cooling and other station purposes. Both 
stations release airborne and waterborne contaminants and generate 
noise and small quantities of solid wastes. The power plants are 
cun!'"ptcuous features in their respective settings •. Substantial ~ 
property taxes accrue to the localities in which the generating sta
t LOl,S are situated. 



3b. Adverse Environmental Impacts 

Concern over the power plants sited on the Hudson River has 
centered primarily on potential adverse impacts on the aquatic 
ecosystem resulting from the operation of these plants. Impacts 
are associated principally with the entertainment of fish eggs and' 
larvae through the power plant cooling systems and the impingement 
of juvenile fish on devices ~sed to screen the water at the condenser 
intakes.. Extensive research and field surveys over the past several 
years have been oriented heavily towards potential effects on striped 
bass (Monroe saxatilis). Notwithstanding these efforts, the extent 
to which the adult fish stocks witgin the Hudson River might be 
reduced if all existing power plants continue to operate with once
through cooling systems remains a ma~ter of controversy. Staff 
members of the Utilities and their consultants have estimated the 
long-term reduction of adult stocks of several fish species to be 
as follows: 

Striped bass - 2.6 to 10.8 percent 
White perch - 0.2 to 14.0 percent 
American shad- 0.1 to 4.0 percent 

The staff of the U.S. Environmental Protection Agency, Region II and 
their consultants have reviewed the Utilities analyses. They have 
concluded that there are sufficient uncertainties about the quality 
of the data from the Hudson River and the applicability of the theory 
of population dynamics which is the Utilities' basis for predicting 
long-term impacts to cast considerable doubt on the validity of the 
entire Utilities' analysis. The staff of the U.S. Environmental 
Protection Agency has made no estimates of their own of the magnitude 
of potential long term impacts to fish populations, but analyses 
carried out by their consultants indicate that reductions in fish 
populations could be much greater than those predicted by the Utilities. 
The installation of evaporative close-cycle cooling systems at certain 
power plants on the river would reduce but not entirely eliminate the 
destruction of aquatic organisms from entrainment and impingement. 

Monitoring of air quality in the area surrounding the Bowline 
Point station has revealed no instance when the ambient air quality 
standards of New York State have been exceeded since the initial 
operation of the plant. Monitoring at the Roseton station has shown 
that the New York State standards for ambient concentrations of sulfur 
dioxide are beinl exceeded occasionally. In addition, the Federal 
secondary standard for suspended particulates is being exceeded 
occasionally. Numericalsiaulations show no evidence of substantive 
cumulative effects on ambient air quality arising from the operation 
of the power plants on the Hudson River. 

, 

• 
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Numerical simulations indicate that water temperatures in excess 
of New York State criteria could occur in the Hudson River as a result 
of the cumulative thermal discharges from existing and proposed power 
plants. 

Installation of closed-cycle cooling systems at the Bowline Point 
and Roseton stations would increase noise levels off site. In addition, 
the use of cooling towers could potentially cause icing and fogging in 
their vicinities and the formation of acidi~ mist from interactions of 
the tower plume an~ stack emissions, although the probability of these 
events occurring is expected to be low. The potential exists for damage 
to vegetation from salt drift from a cooling tower at the Bowline Point 
station but is unlikely in the vicinity of the Roseton station. The 
visibility of the power stations would be increased substantially by 
closed-cycle cooling systems, particularly if natural draft towers 
are installed. 

4. Alternatives 

Alternative actions that might be implemented with respect to the .~I ~_ 
continued operation of either or both the ,Bowline Point and the Roseton ~~ 
generating stations are: ~~~ 

;::!£i.;7 
(1) 

(2) 

(3) 

(4) 

To retain unaltered the permit and related conditions as 
issued by the District, 
To modify the permit through the imposition of additional 
conditions relating to the operation of the station, 
To suspend the permit until closed-cycle cooling or other 
modifications are installed, 
To revoke the permit, forcing the abandonment of the 
station. 

5. Comments on the Draft Environmental Statement Requested From 

Federal Agencies 

Advisory Council on Historic Preservation 
Department of Agriculture 
Department of Commerce 
Department of Health, Education and Welfare 
Department of Housing and Urban Development 
Department of the Interior 
Department of Transportation 
Energy Research and Development Administration 
Environmental Protection Agency 
Federal Power Commission 
Nuclear Regulatory Commission 
Office of Economic Opportunity 

~ 
S'~ 
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New York State 

, , , 

• 
New York State Department of Environmental Conservation 
New York State Department of Parks and Recreation 
New York S~ate Department of Transportation 
New York State Planning and Deve~opment Clearinghouse 
Power Authority of the State of New York 
Public Service Commission 

Other Parties 

Central Hudson Gas and Electric Corporation 
Consolidated Edison Company of N~ York. Inc. 
Environmental Defense Fund 
Haverstraw Town Clerk 
Haverstraw Village Clerk 
Hudson River Fishermen's Association 
Hudson River Sloop Restoration, Inc. 
'H~dson Valley Au4ubon Society 
Interstate Sanitation Commission 
Hid-Hudson Pattern for Progress, Inc. 
National Audubon Society 
Natural Resourc~.Def~nse Council, Inc. 
Niagara Mohawk Power Corporation 
Oak Ridge National Laboratories 
Ol'ange and RocklandVtilities, Inc. 
Port Authority of New York and New Jersey, Planning and 

Development Department 
Regional ,lan Association 
Rockland County C1erk 
Rockland County Department of Health 
Rockland County P~anning Board 
Save oUr StriperS, Inc. 
Stony Point Town Clerk 
Town of Haverstraw Planning Board 
Tri-State Regional Planning Commission 
Village of Haverstraw Planning Board 
West Haverstraw Village Clerk 

County Planning Departments 

New York: Albany, Rensselaer, Greene, Columbia, Ulster, 
Dutchess, Orange, Putnam, Rockland, Westchester 

New Jersey: Bergen, Hudson 

6. Draft Environmental Statement filed with the Council on Environ-
mental Quality on ______ _ 

, 

I 



7. Comments on the Draft Environmental Statement Received From 

Federal Agencies 

Department of Agriculture, Forest Service 
Department of Agriculture, Soil Conservation Service 
Department of Commerce, Assistant Secretary for 

Science and Technology 
Environmental Protection Agency, Region II 
Department of Health, Education and Welfare, Office 

of the Secretary 
Department of Health, Education and Welfare, Region II 
Department of Housing and Urban Development, Area Office 
Department of the Interior, Office of the Secretary 
Department of Transportation, Federal Highway Adminis-

tration 
Department of Transportation, Regional Representative 

of the Secretary 

State of New York 

Department of Environmental Conservation 
Department of Law 
Metropolitan Transportation Authority 

Utilities 

Central Hudson Gas and Electric Corporation 
Consolidated Edison Company of New York, Inc. 
Orange and Rockland Utilities, Inc. 

Other Parties 

National Audubon Society 
Natural Resources Defense Council, Inc. on behalf of 

the Hudson River Fisherman's Association 
Save Our Stripers, Inc. 

8. Final Environmental Statement Filed with the U.S. Environmental 
Protection Agency on ____________ __ 
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CIIAft'II 1 

JIIOJIC'r DIICIIft'IOI 

1.01 Tbi. eDviroa.eatal ~ct .tat...at relate. priDcipally 
to the operatioD of the 1Ow1i.. Poiat Ce .. ~.tl.. .tatioa. a power 

_ plaDt located on the Bud ... li.er ia .... r.tr ...... York. eon.ider
atioD i •• i.en to the ~ct •••• ociat.d with the Bowline Point 
.tation and to the cu.ul.tive ~ct. of .11 eai.tia.. ,roject. OD 
the river. The analy.i. pre •• ated ia thi. report foe ..... 1.0 on the 
Ro.eton Gaueratina Itati... • .ecoed ,laat t. ca..erci.l .ervice 
located in levburah .... York. '!he U ••• AftIJ. Corti of",iaeere. 
Rew York Di.trict (th. Dllttict) ha. le,.l re.pOa.l~ltitie. to revi .. 
the Lapact. of oper.tiaa ... Jowli.. Poiat ... the loI.to. .... r.tina 
.tation8 and, in each inetaac.. to det.rai .. the appropriate cour.e 
of action regardinl the coatiaued operac1oe of th ... etat~ •• 

1.02 Por the paft .... 1'.1 ye.r •• eoDCel'll ha. beea .xpr •••• d 
over the oper.tioa of pa.er ,1eat •• ited a1 ... the ~'OD liver. 
This concem ceaC.r ... ~.~ _ ~~.l ..... r ... ffectl that 
each plant a., exert ia.t. . Ity oa .... 1.t1 ... of .trlped ba •• aDd 
other fi.he. of the ... eoa liv.r .... 11 .. th. c~i .. d effect. of 
all of the .. power ,1_t..Accordi.1,. ttae Ii.trict. ia ...... ia. 
the enviro_Dt.l ~~~_!!!.~.~i.aa fr __ t1le opent.iaa of the aubj.ct 
power plantl, h •• 4ev~'--'!rtic.l.r .tt.~'oa to .. tter. releti .. to 
altemation. of the -..tic ... ,ai_ oIa .... oa liver .... to the 
cU8Ulative and 'li.rai.tic ~ff.ct. th.t .. y ari.e fro. the oper.tion 
of exi.ting plin • a .. future .... la,.eat. OIl the riv.r. 

RATUal OF PIOJIC'l AID AU'IIOUft 

1.03 '1'h~ ~Ji. .. ~~~r.ti .. Stetion 11 located in the 
Village of We.t~~"~dI_..!*1 tl •• ~~ of .... r.t-r... Iocklnd 
County. Rev ·York.. '1'Ile .. t_l •. c"ll.&' -.t _.__-1-f .. led Ite. elec
tric leneratinl' .1i .... -nlat .. faciU.t ..... coutructect by Oranae' 
and Rocklan' Utiliti ••• lac. (r.ferred te .. ~ aDd IocklaDd 
throulhout thb 4oC1lMllt) .. !he .... rat1 .. _itl, d •• i_t.d Vaitl 
Ro. 1 and Wo. 2, are eaeb ' .. at. at a ...... 1 600 ...... tt.* u4 are 
currently in ca..ercial .. rwlee. ~ ~i •• Pol.t Ge .. r.tia. 
Station is CMl.d jot.tty'" Or ... a .. Iockl ...... eoa.olidated 
Idi80n CoBpany of ... York (Coa-Idi.oa). 

-Unle.. othervt.e .pacified. th. te .. ....-att .... t .. "a •• att
electric throughout thb doc_at. . 

1-1 



1.04 ,On 18 1ebru.ry 1970, ~""'jaac:l Iockl.nd applied to the 
Diatrict for • Departaent of the Ar., perait under Section 10 of the 
R.iver .nd Harbor Act of 189t~~(I8~ acaC ... 11S,1·;'.IS U.S.C. 403), aeekinl 
authori •• tion to dred e an ialet channel, to inat.ll diacha e iPinl 
a co ... rue • Il001' DI .c . 7, . v a. e v.tera of the 
~daon. ijye~. J.., ~~fU14 ~,:, Jev) '".It. ... .. ,Diltrict prep.red an~ 
clrcula~!I;." ~r.~t r ~r"'''M .t.*Mln.i. (filad With the Council oil 
Env~rq~p~'l· ~~tr·,),n, t\, ~f.""·:' 1'72·) .. 81Ui_, to-, thepropo.ed, 
vork.t& •. Dj~t~~ct, .'b.' ..... Cly~., ... yil •• en. : ... circul.tad the 'r.ft 
enviro",,'''',.i~t.,..,._,.23·4u ... tltla., " .. . 

., . l:q~;::'''''''i't;~,-~.'~~;~:~~_.'·~efI,,;~;d.·,.~t:~.11:,JUI; 1'71. 
co~.tru~ .. ~&i'\ .". ~9..ntw.i",A.i .• '. Un'.' rIo ... l, •• dOllPletetiend. the 
unl~ w'r .. ,.6'fou~t 1~.'O~C"~Cji,'~ •• rviq. ,'.;~'JQIIb'f 1972. 'Vnlt 
No. ,2 .~a. J;r<Mlpt i __ ~ .~~ciai. _erf~e.<}in."y·1t14.· .'. 

-. .. ~ , .,-: .. :..¢A , -,. ." .. ' . 

:;~-',"" !"'-~r;\J''''''''~;''''';; : ,-\l;;· ..... ~~:,·· . ::.~;.: .":.~ . 

1.06 .<Ja.'31 JeCitilMtr t~91~, ~t~~Jlu'" :,.Ir"rria".nea:. ··~.oci
ation, Inc., 'tosether with other pl.intiff., filed. co.plalnt 1n 
~.s. D~~~~ .. ~i.c,t .... ,=,. ~t~~ . .p~.t~~., 0.'. ~,.Io •. ·.(-tIN, Coar.t) .11ea
)RI that t.il •. 1(1 .. ", .. ~1, :01 ~~r ~b.y .. ~. !"'~1",,'oi .. t· nin. for .. , . 
conden.~ ,~~ ·~,~qo~,K.jt~~.t,in ,:-81: .... ,407 ... ·to ,~. ' 
envi~~., . '. lUd,.i,nat~ ... ,"'t."'. Qr 'iili' •• t4cl ....... of 
striPe.;,' ~, • .u •. , .• ~.l .•. w,e .. ~'.J,u~.' 1 .. " .~.;a.. .w..c'i.tfa aU ... d 
furth~t_, _.' ~hapl~.4. ~~b, .~4 ~dM AIbova .. ni01lect 
penal- ~J ",' laj." ~ ',' . '.. y, :. ,'\.... ...... .'." ubtdhioD' 
of.' . ." 1. " .... '..M: ththe . 
requ ~: .. ,J!S- o(~ .. dON' . 1:Y Act of 1969(42 HC, 
4321 ea; .. ~}, .. f·;'''' '. _.. _.: "~:~'1. ." 

~ ~-) .... ~ .;~..... " " -~ ·:;-fl. -.; • ~: 

1.07 On 9 J.nuary 1974, the Court .anctioned • conaent decree 
entered by conaent of the Budlon )liver 1i ....... •• Aa.oci·ai:ioit" aild 
the Di.trict, to,.ther with Oranae .nd Rockland .nd Con Edi.on. In 
~ccord.B~" .. ~t!t .. tJa~., ~~~r 91,,~ HUH.., .. o.r,*- rea LotieU. ware 
1.11 oaed 0 r~' .·.I_a •. ) , " . ". 2· 1'0''''' .rut' .' 0 

. .l974: it"w::tai; :~.~~i.~~t~t -Mf •••. ~9 ~..... ·c rculete .• ···dr.ft 
envircn..~~ .. l ;'~~""i.~t" t! tlae 'COD~tl'1lCUOn ... operat-ioa. of' 
the Bow~.i.R. ;.":~'9.J~ ... ~! ... _ .. at~ •..... 't't~ ... ~~U.r.4· .iD JOftjanction 'nth 
other e~i, •. tt~ ._'.l~."~'f.qJ.J.1t,~.a;loa:.tb. Bub .. )liver. III .' 
re.pon.e tOi~~M(*QYi~~ ... ~e -Ill,trict .h" apooaored a '.tudy* by . 
the' Oak 1t~4,&~"a.c~.~1, ~~~.toq-,,;tq Ivalu.c. tlte .ffecta o·f· ,the . 
Bowline Point Itadon .nd cuaul.ti" •.. ,tf.ct, on (.1) tU popu.l.tion of 
atripped b ••• in the Bud.on aiver, takina into account info .... tion 
that h.s beco.e avail.ble .ince the i •• uance in 1972 of the u.s. 

*A Selective An.lyaia of Pover PI.nt Operation on the Budson aiver 
with Eaph •• i. •. ,Il<ptl\e ao.Line . .hine Gener.tina Station, Oak Ridle 
Rational Laboratory, ORHL/TK-5877; June 1977. 
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Ata.ic BaerlY eo..il.ion'. enviro_atal Itat_at coacamina tbe 
Indiaa Poiat Generatiill 'Statio.. r2) tha tbarut rei- of the Bud.oa 
River .nd (3) ra,io.al .ir q~iity. In ".i~ioa. tha preleat final 
ea!iro~a~al .t.t .... t·', •• 'he~a dayelo,e~ to incorpor.te ~he 
maJor f1ad1na.of the.ltUdy undartakea'Y the Oak aid,e •• t1on.l 
Laboratory aad to pre •• at tle Di.trlct' •• "JYltl of other rel.ted 
i.pact.. The fulltelt pI Sha couaeat,acre, if {pcl,.ad in Appeadix 
B.** -

1.08 A related la,.l actioa coacanl tha lo.etoa Gaaer.tiaa 
Statioa Uait. 10. 1 aad 10. 2 located in the Vi11.,e of loletoa, Town 
of Bevlturah. Or.nae COuty. lev York. ibe It.tion cCMIPrilel tvo 
fo •• il-fueled aitl. with. IlCliIai.nal eoui-.4 c.p.city of 1.200 
mea.vatt., coa.tructed 'y Caatral Budloa ca •• ad 11actric Corporatioa 
(Central Hud.oa) .nd ovued jointly by Cant'r.l . Bud.oa, Coa l4i1oa aad 
Riaaara Mohawk Pover Corpor.tioa (Ii.,.ra MOhawk). On 29 Dece.ber 

the Budlon ' ".ociation.. other l.iatif" 
fjlecl .cop1.ltt ,. u.s ''''tricr Coutte . than Dbtrict of Bev 
York, aUe,i ... thU tke witWr •• l of .. tar ,~y the lo.eton Gauer.tia, 
Statioa for coadeaaer cooliD, purpo.ea ¥pu14 reau1t ia .erioua d .... e 
to the euviraa.ent, i~ludlaa the eatr.i ... at of aublt.ati.l auaher. 
of .triped ba .... ,., 1.n.e aad juveaUa •• 'The pl.iatiffl .Ue,ed 
further that the Dl.trict had ftoa,fullj b.ued • Dep.rtMat of the 
Aray penaituader Sectioa '10 of the livar .Dd BarboI' Act of 1899, 
authorizing Centr.l Bud.oD on 13 March 1910 (witb l.ter ... adaeat of 
the penait oa 20' DeceWber 1971) to COll.truct vithia the DAviaable 
vater. of the Bud.oa livar cert.ia f.cilitie. rel.ted to the Ro.eton 
Gaaeratiaa Statioa, ia th.t illuaace of thi. pentit h.d DOt beea 
preceded by the aub.i •• ion of .a euviro ... Dt.l ~p.ct It.teaeat ia 
accordaace vith the raquir ... nt. of the .. tioa.l BDviroa.8atal Policy 
Act of 1969. 

*This doc ...... t ia ·dert ... , ia p.rt, fro. • dr.ft eavirODll8.atal 
Itat ... aC .~ttadto the cauDeil on laviroa.8atal Qu.lity oa_ 
23 hau.t 1974, ... ·fraII .. ~ircul.ted final e.virODMatal 
.tateMat prep.red by the Di.tric·t ia JnuAry 1976. 

**Appeadix A iI r ... ned. for cOllliln.ta tcJ tbie dr.ft eaviroa.8atal 
Itatemeat. 
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Pover Cener-a." '~f*}l::)- 'I::; "~,:, ~. , . 
1 ~ 11 The-: 801111'._ "oint~ ceiWr~tlDi 8taticm·~~~i.e. tvo' oil,.. , 

fueled .te .. electric IIneratina uait. of conveational .oder. de.ign. 
each rated at a aominal 600 ..... att.. la~h ~ait con.i.t. of ~ .tea. 
generator,' a turbiH;' •• neiat6r .ft~f ••• ocla~e4 ,awtUiary. aDd control : 
equip.-nt. '. . . ", ,,' 

t • . ~'" " .~). ; ~-

::~::!::~io~~ 
I~'e .... ~~rator . -.te. 

-by tlie 
~ .) .' -' ,. ~.;' 

-*Ha-t-e-r-i-al-i-'i.-th-· i';;".-"~.~ti~: ~~~~~i~~~' ~r_"a- d~-.~riptioa of, t~e 
Bowline Point pr~l •. c;~ J (~a1\P pf 1.o,C;~I~~ .Jfuch~'~~), praper .. 
for Oraage alid '~f~· .. ~~< .. "t~.\ • .1. ·:~.oci.t"., .Ujci .. ~ ia~o ..... tioD 
based on op.1"~~IiI.~.4.~r~ .~ •. Ii •. pz:qv~4,)J ~ ~Ud 
Rockland. Su,p"tWiltatY-Wo: <.~~i~ on ,tha; ,~fi.., Poi~~ ~ .. r~t~ 
i~ Station .a~ .. ~~r.t .. J.R "0IiA~_ ~~~lt.J.e~ '.~; ~ .. ~ Bud.on ' 
R1ver wa. gathered -dUif., a vi.it of the £ac!litl •• -oa 3 aad 4 
Nove.ber 1976 aad .ub.equeat reque.t. for additional iafor.atioa 
from the operator. of the geaerating Itation. on the Bud.on liver. 
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FIGURE 1-1 

THE BOWLINE POINT GENERATING STATION VIEWED FROM THE HUDSON RIVER 



Sour.ce: Orange and Rockland. March 1971. 
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Gener.l Il.ctric ea.,.a,. Altboaab tbe URit. differ in cert.ia tech
aical d.t.ill, tb., .r. pr.ctic.ll, ide.tic.l ta .11 •• pect. r.latiaa 
to tbeir iater.ctioa vitb t.e .aviroa.ent .ad .te tr •• t.d accordinal, 
tbrouahout thil aaal,li •• 

1.13 !be .eaer.tias uaitl op.rate •• te .. c,cle vith a lin,le 
ItAle of reb •• t of the .. ia .t .... Dd liz .t., •• of f.edv.t.r heat
ina. I.ch .te ...... w.tor includ ••• v.t.r cooled furn.c., luper
heat.r, reh.ater, ecoaoai •• r. r ••• aeratl .. air beater., .oot blovina 
equi,.. •• , hurDer a" i .. itio. coatrol a •• -'blie., .ad lntearated 
control .,.t... !b •• t ....... r.tor. are d •• i,aed to deliver at max
i.um coatiauoa. rati .. 4.20 .lllloa pouadl of .te .. per hour at 
1005°, at the .uperb .. ter outl.t aad 3.79 .lllioa poDad. of .team per 
houri at 1005° at the rehe.ter outlet. !b. aaxt.u. au.r.ate.d luper
heater outlet pre •• ure 1. 2600 pound. per .qu.re inch .u.,e. The 
thermal efficiency of the .te .. ,ener.tor .xc.ed. 89 percent. 

1.14 Bach turbiae .... r.tor h •• a ao.ln.l n ... pl.te capacity 
of 555 .. ,.v.tt. at aoai .. 1 throttle .t ... conditioal of 2,400 poundl 
per Iquare inch ,uAle .... 1000·", vith rebeat to 1000·'. The turbine 
,enerator. are t.Dd .. ca.pouad, four flow coaden.ina reheat unitl, 
delianed to oper.te .t 3,600 revolution. per aiaute. 

1.15 Oper.tioa of plant .uxili.ry equi,..nt .uch al pumpl, 
fanl and i.peller. e.t.il. the coa.u.ption of electrical eaeraY at a 
rate of .pproxi .. tely 21 ...... tt.. Tba n.t It.tioo c.pability 
(power deliv.r.d_~o __ ~~. tr~ •• +oa li __ JtaiAlJle Itation) under 
nOrM 1 , f~l~ PG!!r rci~ffi!l cf'r1.10111 1. 1.2C1L ..... att.. 'l'b.e 
overall thana1 .llC ene, of e ,ut ia 35.6 percaat., ...c.ornapoad
ina to a net plant h •• t rate of 9,600 1'l'U per kilow.tt-hour. 

'ue1 Supply 

1.16 The BowUae POiDt ,Derail .. unite are delianed to burn 
fuel oil and natural ,.1 •• an alteraative fuel. Witb lubltantial 
modificationl, the u.it. could he converted to -burn coal. 'acilities 
would haye to be provlded to receiv •• h.ad1e .nd pulveriae the coal 
feed aad .tructural ch ..... vould h.ve to b ... d. to b.ndle the 
increaled alh load. Iqui,..at would h.v. to retrofitted to control 
the eaillioa of airborne p.rticulate .. tt.r. Since the nt h.1 n t 
been deli e 
prohibitioa fro. bu '. b the r.der. IneraY 

par .... t ,."etida 2 of tbe laer., Suppl, .ad lavi
reBBefttel 8ootdltiifion XCt of 1914 (P.L. 93-319 ..... nded by 
P.L. 94-163). 

1.17 The .tatioa current 1, burn. '6 fuel oil lupplied under a 
lona-tera .'r .... at by Rev aa.l ... Petrol.a. Corpor.tion, A.erada
Hell Corporatioa .nd Asiatic P.troleum Corpor.tion. In accordance 
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with. th .. concl~tion, of l ~Ia~ •• ,.1,·,· aon',aol , ;:ab. ,alte· cOnC.at of' of' 
the f"l oil ~. lllJite4 ~. 0_3,- pere •• t' IJ, · •• i. ... t·· 01' ·1 ..... Th ••• h: 
cont.u~of the f~,~, qU.it 0.02 p.rc.nt~.ad·illa •• ra •• h.atini v.lue 
is S.77 .. i1lion BTU per b.rr.l. ~ .. ; .. " . . 

1.18 Th. oo ..... tHaJr.' •. o,t.,..l·oil,.witla Itolih~ .niU op.r.t
ias .t J~~.l"~, .l. 1-'9lr . .l ••• r.la ,..1' Mo.. f 'lilt.' Hrt •• po...to a 
•• xillUlld.U,. (1""It~r.).: ..... .,'i-oa "at. to!j.pp~.x_te11 30,000' 
b.rr.~ ~ ..... ~.n~\I.l;·QQ1I8_tMD ;.f·lO~·ailli_ .• _Nl. at .. overall 
pl.nt 1 ••••• '., of~·0,66 • .'d •• ".aar ... ' •• , ...... c.p.cityprovid •• ·· 
on .it, i.e ·8~O,QQt ur .. "'. , .• ieb. ie, ........ '.'1'0 •• ". t6 oper.te 
both unite .~ fvll -fOWel',for·l1d., •• ·~Ia:.o~l Ci~d~t"C.I.the 
rea~. ~. r.pl ... ~ ..... ey.,,·,l .• Jda:Y'.y·'aupply'bar"'of SS.OOO 
barre 1 c..,.C-ity. ',.' ~ 

Cooling Syatw·. 0. .t.~ '. 

1.1~ .TJl.~U .. "UD', Statio&: c~ o,egt.a Wdl • ·once
thr~por ;~. cycle. ~'.1l~·1IGIQJ.iac .~ •. atJ. .. ·.itb.l'onfi of 
the ... ~~~~i ... u"t«.:t. i.A OItUtI&iOll •. cOGll_ wateri •. withuan con- " 
tinuoual.Y, .f~PIl Bow:li~ .-P.~. ciuu.l.t.dth~ ,th .... i •. comlenler- -. 
and disch.rsed to the o~ alveI' thl'01lP· ••• arged diffu •• ra.·,·· 

1.~.O .,J$ac~ QI, .~ • .:Woi Jll.nt.: aoa.cte .... 1'ItlU.' •• iped to reject. 
he.t _.t i-t"a ~~ 01, ~l"~Wlsltcm- JIJI"PK.hoR.! at' :. ft-owrate·of ';. 
37S,OOO ga~_lPM ,.=_ ...... ~.~.~£~ UI',-' -I. 'actual,· 
pracu.c.:,~ -~l .... ~~. lout - .~~.';ia .. ' 'ned' - -. 
throu . ~ .' "- at 
fu . ,::<'J:4t- obIrre.a DI< ~ectioll' ·r.t-eb 2.14 
billion Btu per~OUC' i&oa •• ela unit. "'" -

1.21 A b.ttery of aix pUllpS, •• ch r.ted .t 128,000 S.llon. ";8r 
minute .~ equipP.d. with • I.S00-horP!liitf IOtor, supplieacooling 
water to thei p1,~, COIl __ ••• "'·: S, · eN': a .... d' in tn i.depen-
dent ae~s ~.~ .......... 0.11", •• nias each, of· ~.' .-eNti •• ' .. 
uni ta ., Und.J: 'no,..1 colld4Ueu·, two' P.... p.r· •• t~ an kept. ruaniaa' - .' 
while t~e cOl'r.~"",Nr. uu. bi. op.wallioa •. "The third pbap -would '. 
be on at.ndby or ........ oi .. ·, .. int.n.ac •• '!b. puapa "1'. hoa •• d In:·tbe· 
intake atructul" 0.::: ... 11 .. · Pond..·, ,.' ". 

r.-22t.Q1iaa:.fii;n._d,;..~at~:.~;:..,.C»r; •• ta.b.l~6.00 
feet throv ... ,;~~ .. I'''OU .... U6 ... i.Cb ,dir'Q.r·Ri.":'~o the. 1.- ~ . ', .. 

condena.t •. I9.jt -\ilE -,:iiiiii~7 pi~ • ·b •• tad .... 1" lea ••• ", the 
.yate. throu'" twa· ; ..... ".r .... ·126-tiaob.,:.'lpe.Ftlfit" ti'miate':ill .' 
diffuaera .pproxi .. t.ly 1,300 f.et off.hor. on the river bottoa.· The 
overall pip. lengtb fro. the coDden •• r. to the diffus.ra ia about 
2,850 fe.t. '1'h~ ~rv.'.r ;·po.t ..... ; of, tlae cliacINr .. lille .re . 
aupported oa Ite.lpUe -.ata·4d.v.n-·,into .1acial.:till .pproximately 

, ..... r '1 .' ! . 



130 feet below the surface of the river to ensure stability of the 
line with respect to both alignment and elevation. 

1.23 Provisions have been made to recirculate a portion of the 
cooling water discharge back to Bowline Pond as a means of preventing 
ice blockage of the intake in severe weather. 

Power Buildings and Facilities 

1.24 The main plant buildings house the steam generators, 
steam turbines, electric generators and associated equipment. The 
south and east (riverfront) elevations of the buildings are shown in 
Figures 1-3 and 1.4. The roofs of the two steam generator sections 
of the plant and the roof of the turbine-generator section are, 
respectively, 214 feet and 97 feet above plant grade. The main 
building is 460 feet long and 273 feet wide. The building exterior 
is clad with ribbed metal siding, permanently finished in medium 
brown. 

1.25 Two concrete stacks, measuring 287.5 feet in height and 
37 feet in base diameter, are located 110.5 feet east of the power 
building, with a center-to-center separation of 286 feet. Aircraft 
warning lights are present on each of the stacks. 

1.26 A two-story service building immediately south of the 
main plant provides space and facilities for administrative, clerical 
and laboratory support functions. The structure serves both Units 1 
and 2 and is connected to the main plant building by sidewalks at 
ground level and an enclosed bridge on the second floor. The service 
building is 115 feet long, 46 feet wide and 29 feet high. 

1.27 A warehouse serves as a central s~orage area for equip
ment, materials and supplies. The warehouse is 220 feet long, 50 
feet wide, 16 feet high and is located approximately 127 feet to the 
west of the main plant, immediately adjacent to the switchyard. A 
building, about 200 feet south of the warehouse contains shop and 
other maintenance facilities. The shop building is 140 feet long, 50 
feet wide and 16 feet high. 

1.28 The station switchyard accommodates the main transform
ers, towers, electrical buses, breakers and related equipment neces
sary to deliver the electrical power generated by Units 1 and 2 to 
Orange and Rockland's transmission network. The switchhouse, con
sisting of meter and relay rooms, is located in the south end of the 
warehouse building. 
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FIGURE 1-3 

BOWLINE POINT GENERATING STATION--SOUTH ELEVATION 
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FIGURE l-4 
BOWLINE POINT GENERATING STATION--EAST ELEVATION 



Fuel Oil Stor.ge F.cility 

1.29 Six fuel oil t.nks, e.ch of l4S,OOO-b.rrel c.p.city 
(13S,OOO-b.rrel ~ratiaa ~apao~ty). are loc.ated within an 8-acre 
tr.ct surrou~d.dby • Mra iIIiIe~lately north~~f Bowline Pond .nd 
.dj.cent to the .outh bank of Miailceongo Cr~. Sufficient fuel oil 
c.n be storeClto aUov both Units 1 .Dd 2 to'Oper.te at full power 
for. period of .pproxi .. tely l7d.YI, enaurLaa • conti_uity of power 
gener.tion ia the event of • teapor.ry disruption in fuel oil deliv
ery. A fuel oil j)llIIphoule, .alurina SO feet ,in lenlth .tad 38 feet 
in width, is~recealed into tha berm on the abrth lide and houles 
pumps to tranlfer fuel oil to the power pl.~~ Allo housed in the 
pump structure is a portion of the fire prot~~tion Iyst .. ~s veIl .s 
• surf.ce w.ter dr.in •• e sump d.ligned to .iD~i.e the disch.rge of 
oily w.ters into Mlnisceonao Creek .nd the Budson River. 

1.30 The beta serves the dual purpose of providing cont.inment 
in the event of oil leak.ge from .ny of the Itor.ge t.nkl and p.r
ti.lly screening the taatl frOil public view. The oil tanks .re 
cylindrical with aliabtly do.ed tOpl; e.ch t.nk is 180 feet in di.
meter .nd 32 feet in over.ll height._ The heilht of the bera v.ries 
between 10 .nd 28 :feet. Gr.ss has been pl.nted on the e.rthern slopes 
of the berm.--

Karine Termin.l 

1.31 The marine terminal is .n oil ree.iving f.cility designed 
to .cco.-od.te b.raes .nd tankers delivering fuel oil to the pl.nt. 
While t.nkers of up 'to 50,000 de.dweight tOal could be docked .t the 
facility, the present depth cQatours of the Budlon River li.it .ccess 
to the termin.l to b.rges o~ 100,OOO-b.rrel c.pacity or less. 

1.32 A trestle connects the fuel -oil~lo.diDl pier to the 
shoreline. Eatendi~ north .a4 south fro. tit. oil unloadina pier .re 
personnel w.lkw.ys to the bre,.tina .nd moo~iaa dolphins. All of 
these structures .re supporte. by piles ancHored in the underlying 
rock str.tum. The trestle ,iers, w.lkway •• nd dolphins .re con
structed entirely of steel .-.bers. The supporting pile benta .re 
widely spaced •• d provide • cle.r.nce beneath the trestle of approxi
mately IS feet' .t .e.n low w.ter. Articul.ted .. t.l .ras are used 
for unlo.dina . .,. .. ela. A ate. line to the unlo.ding pier provides 
the he.t nec •••• ry to .. int.in the fuel oil .t .pproxiaately 100F to 
allow it to flow re.dily. 

1.33 tu~tber det.ils of the fuel oil unloading terainal are 
given in 'igurea 1-5 .nd 1-6. As indicated, the dock structure is 
approximatel, 675 feet long .nd is oriented .long • north-south line 
p.r.llel to river flow, 500 feet from the west b.nk of the Budson 
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FUEL OIL UNLOADING PIER-PLAN 
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FUEL OIL UNLOADING PIER-ELEVATIONS 
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River. The transfer pier is centered at about latitude 41°12' North, 
longitude 73°57' West (New Yrok State coordinates 4387l0N and 
603734E). 

Intake Structure 

1.34 The cooling water intake structure is located on the 
northwest shore of Bowline Pond, directly across the pond from the 
inlet channel to the Hudson River. The major components of the 
intake system are the intake ports, common plenum, traveling screens, 
pump bays and circulating vater pumps. 

1.35 Pertinent engineering details of the intake structure are 
given in Figure 1-7. As indicated in the schematic, each ~f the six 
circulating pumps is housed in a separate bay. A common plenum is 
provided across the entire width of the structure to allow water from 
any intake port to enter any pump bay. Water enters the structure 
through a total of eight ports, six across the face of the structure 
and one on each side. The water first passes through the bar racks 
located behind the intake ports. Large fish and debris are prevented 
from entering the structure by 1/2 x 3-inch vertical bars with a 
3-inch separation between bars. 

1.36 Traveling screens are located approximately 16 feet 
behind the bar racks. The screens are of standard design adopted 
widely throughout the utility industry and consist of screen panels 
or "baskets" attached to an endless chain belt that revolves between 
two sprockets in a vertical plane. The screen mesh or size of the 
openings is three-eights inch square. While the circulating water 
pumps are in operation, the traveling screens are moved upward peri
odically and impinged fish and debris are lifted above the main floor 
of the intake building into a cleaning chamber. Water drawn from the 
pond is sprayed onto the screens through a row of nozzles. Two spray 
systems, a high and a low pressure system, operate at a pressure of 
60 and 20 pounds per square inch, respectively. Waste waters from 
the backwash operation are sluiced to a tank with an outlet channel 
to Bowline Pond. The collection and return system provides an oppor
tunity for fish that survive impingement and backwash to return to 
Bowline Pond. 

1.37 Operating experience has shown that the frequency at 
which the screens must be moved 'and backwashed varies throughout the 
year. During periods of low debris loading of the river and low fish 
impingement, the screens are moved once every four hours. At other 
times, the screens run continuously. A mechanism drives the screens 
automatically on a signal of excessive water level differences across 
the face of the screen. The operation can also be controlled manu
ally. 
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Source: Orange and Rockland, March 1971. 

FIGURE 1-7 

DETAILS OF THE COOLING WATER INTAKE STRUCTURE 
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1.38 Flow velocities at various points in the intake structure 
have been computed on the basis of estimated flow rates and cross 
.ectional areas. The points are identified as VI through V5 in Fig
ure 1-7, and flow velocities under a number of conditions are given 
in Table 1-1. Values of velocity are given for mean water, mean low 
water and low low vater elevations in Bowline Pond. Under normal 
conditions of full poyer operatiQP(both units operating and 2 pumps 
running per generating unit), the approach velo . . k 
varies between 0.45 and 0. econd depending on the water 

eve 1n t e pond. The corre.ponding values through the bar racks 
are 0.59 and 0.66 feet per second. The approach velocity to the 
.creens varies between 0.54 and 0.64 feet per second and the velocity 
through the screens between 1.06'and 1.25 feet per second. 

1.39 Water enters Bowline Pond from the Hudson River through 
an inlet channel that has been widened and deepened to augment flow. 
into and out of the pond. Estimates of the flow velocities induced 
in the channel by the withdrawal of cooling water from the pond are 
given in Table 1-2. The velocities apply when both units are oper
ating under conditions of mean water, mean low water and low low 
water elevations. With two'pumps running per unit and a total with
drawal of 632,000 gallons per minute from Bowline Pond, velocities 
ranging between 0.44 and 0.60 feet per second are induced at the 
inlet; the range ,corresponds to extremes in water elevation. Under 
conditions of low low water and all 6 pumps operating, the induced 
velocity would reach a maximum of 0.74 feet per second. 

1.40 The net velocity at the Pond inlet is the resultant of 
the velocity induced by the withdrawal of water and the flow velocity 
associated with tidal action. The mean tidal range of the Hudson 
River in the vicinity of Bowline Point is 2.9 feet (U.S. Department 
of Ca.merce, 1972), and the maximum flow velocity in the inlet chan
nel corresponJin~ til this tidal range is estimated to be 0.2 feet per 
second (Orange and Rockland, March 1971). Maximum flow occurs midway 
between the times of ebb slack and flood slack, with flow directed 
into the pond during flood tide and out of the pond during ebb tide. 
Accordingly, a value of 0.2 fe d be res ectively, 
added to and acted from the values iven in Table 1-2 to obtain 

net velocity in the channel during per10ds of inflow an ow. 

Discharge Diffusers 

1.41 Discharge pipes from the condenser '"!'.;:t,md approximately 
1,000 feeet dH~ rlClst into the Hudson River and terminate in two dif
fusers mounted at right angles to the pipes. The diffusers roughly 
parallel the fuel oil unloading dock and are slightly to the north 
and shoreward of the facility. 
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TABLE 1-1 

FLOW VELOCITIES IN THE INTAICE STRUCTURE 

PUI&S OPERATING A1CD <

FLOW IN -GALLOU.,PKR 
WATER ELEVATIONS(l) MINUTE PBR !Jlfrr(2) 

Mean Water, 1 - 384,000 

Elevation 0.00 2 - 316,000 

1 - 185,000 

2 - 257,000 
Throttled Condition 

Mean Low Water, 3 ~ 384,000 

P'LOW VBUJCITIES IN 
rEET Pg SECOND (3) , 

Vl V2 Vl, V4 

0.55 0.72 0.66 1.29 

0.45 0.59 0.54 1.06 

0.27 0.15 0.34 0.67 

0.37 0.48 0.44 0'.86 

0.59 0.77 0.70 1.38 

Elevation - 1.75 2 - 316,000 0.48 0.63 0.58 1.11 

1 - 185.000 0.29 0.37 0.16 0.72 

2 - 257,000 0.39 0.51 0.47 - 0.92 
Throttled Condition 

Low Low Water, 3 - 384,000 0.65 0.81 0 .. 77 -1.53 

El!!!vation - 4.00 2 - 316,000 0.53 0.66 0.64 1.25 

1 - 185.000 O.ll 0.34 0.40 0.79 

2 - 257,000 0.4l 0.54 0.52 1.02 
Throttled Condition 

t-- --

Source: Orange and Rockland-, 'March 1971. 

V5 ' 

0.65 

0.79 

0.93 

0.64 

0.69 

0.85 

1.00 

0.69 

0.76 

0.93 

1.10 

0.76 

(1)E1evations refer to water level in Bowline Pond; see Figure 1-7. 
(2)Ve1ocity values apply when both power units are in operation; the 

values would be less than those indicated when only one of the units 
is in operation, , 

(l)The points at which the velocity values apply are identified in Fig-
ure 1-7 and are as follows: 

VI - average approach velocities to the bar racks 
V2 - velocity through the bar racks 
Vl - approach velocity to the screens 
V4 - velocity through the screens 
VS - approach velocity to the pumps 
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TABLE 1-2 

FLOW VELOCITIES IN THE BOWLINE POINT DlLET CHANNEL 

PUMPS OPERATING PH' UNIT 
AND TOTAL FLOW(2 IN FLOW VELOCITY (2 ) 

GALLONS PER MINUTE FEET PER SECOND 

Mean Water, 3 - 768,000 0.54 

Elevation 0.00 2 - 632,000 0.44 

1 -370,000 0.26 

2 - 514,000 0.36 
Throttled condition 

Mean Low Water, 3 - 768,000 0.61 

Elevation - 1.75 2 - 632,000 0.50 

1 - 370,000 ~ 

2 - 514,000 0.41 
Throttled condition 

Low Low Water, 3 - 768,000 0.74 

Elevation - 4.00 2 - 632,000 0.60 

1 - 370,000 0.35 

2 - 514,000 0.49 
Throttled condition 

Source: Orange and Rockland, March 1971. 

(l)Elevations refer to water ievel in Bowline Pond; see Figure 1-7. 
(2)Total flows and velocities apply when both units are operating; 

values are approximately oneo-half those indicated when only one 
unit is operating. 
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1.42 Each diffuser consists of a 220-foot section of 126-inch 
diameter pipe with eight discharge nozzle8. The nozzles are 3 feet 
in diameter, spaced 25 feet on centers and inclined 5 degrees from 
the h,tri.z()ntal to reduce scouring of the river bott01l. Heated water 
leaves the nozzles with a velocity of approximately 15 feet per 
second. The jets induce turbulence and aixing with ambient water~, 
producing a rapid reduction in the temperature of the effluent 
stream. Details of the dischage piping and diffusers are given in 
Figure 1-8. 

Recreational Facility 

1.43 Orange and Rockland and Con Edison deeded to the town of 
Haverstraw 10.8 *:retl of land as the Bowline Point site for the 
development of a public recreational facility_ ThA IMlIle companies 
contriblll:~.t ;t total of $750,000 towards construction costs of the 
amenities and the town expended an additional $300,000 (Rotella, 
1976). The facility, which is operated by the Town of Haverstraw, 
now includes a swimming pool and dressing rooms, picnic areas, bas
ketball and tennis courts, and a pavilion. The park has been open to 
the public since late SUlJIIler of 1976. An admistJii)l\ f,::.e is charged 
for each "i~it t", the center; daily and sea80nal rates are available. 
Access by road to the facility is unrestricted. 

Site Preparation 

1.44 Site preparation at Bowline Point prior to construction 
of the power plant entailed the removal of existing garbage, draining 
and filling of certain portions of the Hlt~. pest and rodent control 
measures, the r~l\)eation of a portion of Minisceongo Creek, and 
dredging of the inlet to Bowline Point. Parts of the site had been 
used as a dump for discarJp.d automobiles, household appliances and 
other garbage and for casual trash disposal (Or4oge and Rockland, 
March lq71). The garbage fill. up to 10 feet in depth in certain 
sections, was removed from all areas now occupied by major Rtructures 
and replaced by clean fill dirt. In other areas of the aite the 
garbage was covered with clean fill and compacted. 

1.45 Low lying portions of the property were occupied bystag
nant ponds and poorly drained areas. A drainage system consisting of 
surface .:Inti.llage ch4nnela and underground storm sewers was construct
ed to provide drainage to Minesceongo Creek or Bowline P .. md. WItere 
adequate drain:lge existed, growths of scrub brush and larger trees 
had become established. Programs of vegetatioo cl~~ring and rodent 
and insect extp.nlllllation were carried out concurrently with excava
tion and site grading (Orange and Rockland, March 1971). 

1-20 



8 DISCHARGE NOZZLES PER UNIT 

PLAN VIEW 
5-25' SPACINGS 

1'-": ---40' ---ot---r--

I 
- ..... I.---ft .1. :1 

. 5'. 

+----
I 
I 
I 
I 

10.5 I.D. 

SECTION A-A * MEAN WATER 

f 
15' 

\.o.?' 1 
' 1...1>. 

~3 ___ _ 

• 
PLANT 

RIVER BOTr<»f 

Source: Orange and Rockland, March 1971 

FIGURE 1-8 

DETAILS OF DISCHARGE DIFFUSERS AT THE 
BOWLINE POINT GENERATING STATION 



1.46 The portion of MinisceonS'l Creek to the east of the pre
sent power plant building traversed a low lying part of the lite, and 
the creek channel became ill defined in the area. To prevent flood
ing and improve drain .. e, a div ... rsion channel wal cut between the 
existing creek bed and the Hudson River. The channel il subject to 
tidal inflow; excelS w.t~.· fl.)w, northward off the property alOllg the 
remainder of the original water course ~nd ultimately is dilcharged 
to the river. 

1.47 The existing inlet channel between Bowline Pond and the 
Hudaon Rivet:. waa Ihallow ancl,' permitted limited tidal flow iletween the 
pond and the Rudlon River. The channel waa dred,ed to a depth of 16 
feet and a top width of 219 feet to increase tidal flow into and out 
of the pond. Approxiaately 49,000 cubic yarda of .. teri~l w~r~ 
remove,l ill dredging the inlet channel; the dredged material was uled 
fot' onland filion the property. An additional 51,000 cubic' yarda of 
material' ·were dredged in laying the subaqueous cooling watp.r lines 
and discharge diffusers. The material was used to fill in an exist
ing pond to the north of the power plant site. 

1.48 The primary access road to the plant extends fro. an 
intersection at Saasondale Avenue iaiaedi.o'itl"llf north of the bridge' 
over Miniscenongo Creek to the plant parkina lot. Intraplant roadl, 
closed to public traffic, extend northW.ird from the parking lot, 
providing accesl around the power plant building, shop and warehouse. 
IlDIIediately to the west of the parkillg t'Jt, a branch of the access 
road extends aoutheast to thl:l irlC~ke atructure and then along the 
north shore of Bowline Point to th~ recreational facility and marine 
terminal. 

1.49 The interlection at Samsonciale Avenue was planned to 
minimize interference with local traffic and acco.odate the antici
pated high volume of traffic related to the use of the recreational 
facility during summer .onths. Samaondale Avenu~ has been widened to 
allow through traff·ie.· to b,,. •• vehicles turning onto the accell 
road. Additionally, vehicles frn the plant (~~n enter Samsondale 
Avenue safely and without Ilndue delay. The intersection was designed 
to obviate traffic lights. 

1.50 A througk girder, clear apan bridge provides a crolsing 
over Minisceongo Creek. The bridge consists of two IS-foot traffic 
lanes and walkways on either lide. The bridge is designed to carry a 
heavy crane which may be required once in several yearA for .. inte
nance 1.l<lrk ~t the intake structure and, therefore, provides ample 
capacity for the heaviest automobile and truck traffic. The clear 
span across the creek ensures that the bridge will be safe during 
periods of heavy runoffs. 
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1.51 McKenzie Avenue in the Viliale of Haverstraw (the exten
sion of Warren Avenue shown in Figure 1-1) was extended to intersect 
the site access road near the plant intake structure, providing an 
alternative route to the recreational facility. Rerouting of the 
oriainal McKenzie Avenue required the acquisition of the right-of-way 
presently following the lines shown in Figure 1-2. 

1.52 Additional access to the site during construction was 
provided by an extension of Railroad Avenue. The road has since been 
closed to plant traffic, except for .. ceasional maintenance and deliv
ery use. A railroad spur leading from the Conrail Railroad in the 
Town of Haverstraw was constrn·.'.t~J on a right-of-way purchased by 
Orange and Rockland. This spur was used aainly during construction 
of the plant; train passage is currently i~frequent and limited to 
occasional delivery. 

Trans.ission Lines 

1.53 Connecting the Bowline Point station to existing power 
distribution networks servinl the Orange and Rockland and New York 
Power Pool systems required the construction. of approximately 3.4 
miles of underground 345-kilovolt transmission line circuits. The 
transmission lines from the plant are routed to Orange and Rockland's 
West Haverstraw substation located 1.2 miles west of RlUnsl}lldale 
Avenue. Underground construction was selected to eliminate the 
visual impact of overhead transmission lines in residential areas. 

Current Project Status 

1.54 Construction of the first unit at the Bowline Point 
Gener~ting ~~ation began in the Spring of 1969. Unit No. 1 entered 
limited c01llllercial service on 8 September 1972 and full conmercial 
service on 21 Or.tober 1972. Unit No.2 entered commercial service on 
1 May 1974. 

1.55 All site preparation, landscaping and other site closeout 
work is complete. Construction work related to the generating units 
is complete. The marine terminal has been ready to receive oil since 
5 April 1972. Dredging operations are complete. The recreational 
facility, fir.,:t opened to the public late in the 1976 season, is now 
operational. 

1.56 Table 1-3 lists the applications fited by Orange and 
Rockland and the major approvals that have been secured to date from 
various lover.ental entities, in connection ",l.th ,·lVl Bowline Point 
Generating Station are listed in Table 1-3. 
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TABLE 1-3 

APPLICATIONS AND APPROVALS BELATED TO THE BOWLINE POINT GENBBATINGSTATION 

AGENCY 

U.S. Environmental 
Protection Asency, 
Region II 

U. S. Army, Corps of 
Engineers, New York 
District 

u.S. Department of 
Transportation, Federal 
Aviation AdDdnistration 

New York State Depart
ment of Environmental 
Conservation, formerly 
Department of Health 

PElUIIT/APPROVAL 

National Pollutant 
Discharge Elimination 
Sya tem Permit 

Dredging of inlet 
channel, installing 
of diacharse piping 
and construction of 
a mooring facili ty 
(Section 10 Permit) 

Permit to construct 
plan t and stack 

Construction permit 
for circulating water 
system 

Operating permit for 
circulating water 
system 

J!uel oil facility 
rain water discharge 

Atmospheric discharge 
--permit to construct 
main boiler 

Atmospheric discharse 
--permit to operate 
main boiler 

Atmospheric discharse 
--permit to construct 
auxiliary boiler 

Atmospheric discharge 
--permit to construct 
auxiliary boiler 

1-24 

DATE OJ! 
ISSUANCE RlP'BBENCE/STATUS 

31 Mar 75 Permit No. NYOOO8010 
Exp. 30 Mar 1980 

12 Jul 71 Permit No. 8304 

5 May 71 7 l-EA-203-0! 

26 Oct 71 Form San. 2 

14 Nov 74 (NYOOOSOlO). 2SDOJIl2000897 

25 Apr 72 Permit dated 25 Apr 72 

7 Apr 71 Application No. 0-700024 

7 Apr 71 . Permit No. 0-}00024, 
Pending 

16 Aug 71 Letter advisiDS DO ~rIIlt 
required (Letter No.· 
W44-C71-o040) 

16 Aug 71 Letter advisiug no perait 
required (Letter No. 
W44-C7l-0040 



."---". 

TABLE 1-3 (continued) 

APPLICATIONS AND APPROVALS RELATED TO THE BOWLINE POINT GENERATING STATION 

AGENCY 

New York State Depart
ment of Environmental 
Conservation, formerly 
Water Resources 
Commission 

New York Public Service 
Commission 

NeW York Commissioner 
of General Services 

Hudson River Valley 
Commission 

Bockland County 
Drainage Agency 

PEIOO:T/APPROVAL 

Permit to construct 
intake structure and 
to dredge ponds 

Permit to construct 
fuel oil unloading 
pier 

DATE OF 
ISSUANCE BEFEDICK/STATUS 

22 Jun 71 Intake Application Ro. 
8-5-70 
8-7-71* 

3 Nov 71 Discharge Application No. 
8-5-70 

26 Jun 70 Application No. 8-4-70 

Permit to install cul- 5 Aug 70 8-47-70 
verts in Mlnisceongo 
Creek for railroad 
siding 

Permit temporarily to 
relocate creek into 
Bowline Pond, con
struct bridge and 
improve creek channel 

Permit tp place fill 
in Bowline Pond 

Permit to place fill 
in pond north of 
Bowline Point 

Approval of railroad 
crossinss at Grassy 
Poin t Road and Gagan 
Road 

Purchase of· under
water property for 
circulating w~ter 
discharge and fuel 
oil unloading pier 

Formal project review 
and approval 

17 Sep 70 8-76-70 

21 Sep 70 8-77-70 

23 Dec 70 8-94-70 

28 Aug 70 Petition Case No. 25778 

27 Jan 72 Letter dated 27 Jan 72 
filed under Liber 904 
Pg. 794 

14 Apr 71 Letter dated 14 Apr 71 

Permit to install cul- N. A. 
verts in Mlnisceongo 

N. A. 

Creek for railroad 
siding 

*No. 8-7-71 permits Orange and Rockland to remove more material. 
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TABLE 1-3 (concluded) 

APPLICATIONS AND APPROVALS RELATED TO THE BOWLINE POINT GENERATI~G STATIOlt 

AGENY 

Rockland County Highway 
Department 

Town of Haverstraw 

Village of Haverstraw 

Village of Wes t 
Haverstraw 

PEBHIT/APPROVAL 

Approval of railroad 
crossing at Grassy 
Point Road 

DATE OF 
ISSUANCE 

13 Aug 70 

Permit to install 8 Oct 70 
bridge over Minisceongo 
Creek for access to 
road to recreation 
area 

Building permit, ware- 16 Sep 69 
house and shop 

Building permit; main 
plant, service build
ing, switchyard and 
miscellaneous struc
tures 

5 Aug 71 

Approval of railroad ,12 Aug 70 
crossing at Gagan Road 

Building permit, cir
culating water intake 
structure 

Building permit, oil 
tanks and pier 

9 Mar 71 

9 Mar 71 

Approval of sanitary 18 Mar 70 
and was te disposal of 
sewage treatment plant 
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BEFERENCB/STATUS 

Letter 

Letter 

Permit No. 958.959 

Permi t No. 661 

Letter' 

Permit No. 191 

Permit No. 192 

Letter 



Project Review 

1.57 Construction plans related to Bowline Point Unit 1 were 
reviewed by the Hudson liver Valley CQP'il.ion in 1971. In accor
dance with the provisions of the Hew York State leai.lative act tbat 
established the Commission in the mid-1960s, the Commis.ion was 
required to review all proposed construction projects on the Hudson 
River, devoting attention to the visu.al impacts associated with each 
project, the impact on surrounding communities, the ecology of the 
river and broader environmental issues concerning the Hudson River 
bas in. 

Waterborne Discharges 

1.58 The discharge of liquid effluents from the plant to the 
Hudson River and Minisceongo Creek is currently authori~.d by a 
Nation~l Pollutant Discharge Elimination System permit issued on 31 
March 1975 by the U.S. Environmental Protection Agency in accordance 
with the provisions of the Federal Water Pollution Control Act 
Amendments of 1972 (33 U.S.C. 1251-1375).* Among other restric
tions, the permit imposes limitations on the following: thermal 
discharges to the Hudson liver (5.8 billion BTU per hour maxiaua h.at 
rejection, 230F maximum temperature increase 102F 19'xLpum temgera
ture of discharae). The pH (range of 6.0 to 9.0 unle •• pH of the 
1ntake falls outside this range; then the pH of the discharge .. y aot 
vary by more than 0.2 pH units from the pH of the intake) and conteat 
of free available chlorine in the discharge (0.2 milligrams per 
liter). Daily average velocity at the traveling screens (0.77 feet 
per second). Oil and grease content of discharges at Minisceonlo 
Creek (15 milligrams per liter average, 20 milligrams per liter 
maximum). 

1.59 In accordance with the conditions of the permit, Orang~ 
and Rockland is required to adhere to the following schedule relatt'\~t 
to the retrofitting of a closed cycle cooling system: 

(1) The permittee is required to complete an engineering report 
and submit the report to the Hew York Department of 
Environmental Conservation in accordance with Hew York 
State requirements by 1 January 1977. 

*For the sake of consistency, reference to the Federal Water Pollu
tion Control Act Amendment is maintained in the Final EnviroDMntal 
Statement although the 1972 Statute has been amended and renamed 
the Clean Water Act (PL95-217) on 28 December 1977. 
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The permittee is required to complete final plans and 
specifieations for the cooling system and sub.it these to 
the Hew York Department of Environmental Conservation by 1 
June ·1977. 

The permittee is required to submit reports detailing 
progress toward completi~n of the facilities by 1 Karch 
1978, 1 December 1978, I September 1979, and 1 June 1980. 

The permittee is required to complete construction of the 
facilities by 1 April 1981. 

The permittee is required to attain operational levels of 
closed-cycle cooling by 1 July 1981. 

; 1.60 On 30 July 1974, Orange and Rockland requested the' U.S. 
E~viroomental Protection Agency, Region II to waive the requireaent 
for closed cycle c~oling, in accordance with the provisions of Sec
tion 316(a) of the Federal Water Pollution Control Act Amendments of 
1972. Orange and Rockland prepared and submitted a demonstration 
document* in support of this request. 

G; 
1.61 As presently set forth, the terms of the Nati~nal Pol

lutant Discharge Elimination System permit effectively constitute a 
. denial .of a waiver under Section 316(a) of the rederal Water Pol-

. lu ion Control Act Amendments. Concern over the continued operation 
of the Bowline Point Station with open cycle cooling centers on the 
damage to aquatic organism caused by the withdrawal of water from the 
Hudson River rather than the effects of the thermal discharge (Sec
tion 4). Accordingly, the requirement to install a closed cycle 
cooling system stems principally f,".lt!l ~ection 316(b) which provides 
that effluent limitations and standards of performance established in 
accordance with the statute "shall require that the location, design, 
construction and capacity of cooling water intake structures reflect 
the best technology available for minimizing environmental impact." 
The Environmental Protection Agency regards the term "capacity" to be 
synonymous with "throughout" or "flow rate" in the context of Section 
316(b) (U.S. Environmental Protection Agency, 1976; 40 crR 402); 

*Before the United States of America, Environmental Protection 
Agency, Region II, Re: Demonstration by Orange and Rockland 
Utilities, Inc. That operation of the Bowline Generating Station 
at Haverstraw,New York, with the Existing Once-Through Circulating 
Water System for Condenser Cooling, Will Assure the Protection and 
Propagation of a Balanced, Indigenous Population of Shellfish, Fish 
and Wildlife in and on the Hudson River in the Vicinity of 
Haverstraw' and Elsewhere, Dated at Spring Valley, New York, 30 July 
1974. ' 
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adding reason to consider closed cycle cooling as the "best available 
technology economically achievable" with respect to the rejection of 
waste heat from steam-electric power plants. With closed cycle 
cooling, a power plant's requirement for water is reduced typically A/~~ 
~ 2 or 3 pe~ceQt of the requirement associated with open cycle 
cooling, leading in principle to a reduction in the number of aquatic 
organisms destroyed or injured by the operation of the power plant. 
Orange and Rockland is contesting the requirement for closed cycle 
cooling at the Bowline Point Station in an adjudicatory hearing 
before the Environmental Protection Agency (Appendix B). Other 
utility coapanies operating power plants sited on the Hudson River 
and subject to similar requirements to backfit closed cycle cooling 
systems are parties in the same proceeding, currently in progress. 

Airborne Discharges 

1.62 Permits to construct the main station boilers have been 
issued by the New York State De~artment of Environmental Conservation 
but certificates to ope;:a;.:e--;:})e main boilere have been withheld pena
ing the resolution of a question of potential violations of certain 
New York State regulations related to ambien~ air quality. 

1.63 A preliminary analysis carried out prior to construction 
of the station indicated that both hourly and 24-hour average limi
tations on ambient sulfur dioxide concentrations would be exceeded on 
the ridge line and peak areas to the southwest of the plant under 
conditions of strong northeasterly winds (Orange and Rockland, 1971). 
No problems with respect to particulates or nitrogen oxides were 
anticipated at the time. 

1.64 More extensive analyses (Orange and Rockland, 1972, 
1973a) confirmed the findings of the earlier study and pointed to the 
need for 650-foot stack(s) to circumvent potential problems in 
meeting ambient air quality standards relating to sulfur dioxide. 
Orange and Rockland opted to retain the 287.5-foot stacks and 
implemented an observation program to monitor pertinent meteorolo
gical and air quality factors in the vicinity of the site. Plans 
were drawn up to burn (low sulfur) natural gas during periods when 
ambient concentrations of sulfur dioxide would be expected to exceed ~ 
regulatory standards. The company has been unable to secure an .J ~ ~ 
adequate supply of gas to implement this strategy. 

1.65 Orange and Rockland is currently under an order on con
sent from the New York State Department of Environmental Conservation 
to erect a 650-foot stack or to continue field measurements, carry 
out plume trajectory studies and report the findings of investiga
tions to the Department of Environmental Conservation on a yearly 
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basis until the matter is resolved. The critical area with respect 
to potential violations has been identified as the Hightor ridge to 
the southwest of the plant. A monitoring network (three monitoring 
stations) has been established where the concentrations of sulfur 
dioxide are expected'to be highest during periods of adverse wind 
conditions. 

1.66 Orange and Rockland has submitted two annual reports to 
the Department of Environmental Conservation covering the period June 
1974 through May 1976. No instances of ambient air quality viola
tions have been reported to date and a certificate to operate the 
main boilers has"been issued by the New York State Department of En
vironmental Conservation. Meteorological and air quality monitor
ing are to continue as a condition of operation. 

OTHER MAJOR PROJECTS ON THE LOWER HUDSON RIVER 

1.67 Pertinent characteristics of generating At:~tions on the 
lower Hudson River are summarized in Table 1-4, and the locations of 
these stations are shown in Figure 1-9. The existing seven stations 
represent a total generating capability of the order of 6,000 mega
watts of which approximately 2,000 megawatts 'is nuclear-fueled 
capability, 2,400 megawatts is oil-fuelerl capability, and 1,400 
megawatts is coal-fueled capability that has been converted to burn 
oil. In accordance with the provisions of Section 2 of the Energy 
Supply and Environmental C""",,, t in'lt:l.lm Act of 1974 (P.L. 93-319 as 
amended by P.L. 94-163), the u.S. Federal Energy Administration has 
issued an order prohibiting the burning of petroleum products at the 
plants with the capability of burning coal. ' 

1.68 All the existing stations currently operate with open
cycle or once-through condenser cooling systems. The u.S. Envi
ronmental Protection Agency has imposed the requirement that 
closed-cycle cooling systems be installed at the Bowline Point and 
Roseton Generating Stations and at Units 2 and 3 of the Indian Point 
station. Conditions to the National Pollutant Discharge Elimination 
System permits authorizing the discharge of liquid effluents from 
these stations stipulate that closed-cycle cooling systems be 
installed and fully operational at various dates in 1981 and 1982. 
This requirement, in each instance, is being contested and adjudica
tory hearings on these matters are presently being held before the 
U.S. Environmental Protection Agency. No requirements to install 
closed cycle cooling system at the other stations on the Hudson River 
Estuary are presently being imposed by the u.S. Environmental,Pro
tection Agency. 
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TABLE 1-4 

PERTINENT CHARACTERISTICS OF EXISTING GENERATING STATIONS ON THE LOWER HUDSON RIVER 

CAPACITY IN MlGAWATTSl 4YEU or PRIMARY CONDINSEB. STATIOI (COMPANY) LOCATION (B.IVD MILl) INITIAL rum. . COOLIHG 
CUB.B.INT ULTDIATI OPEIlATlON 

Albany Beth1_n. 142 400 400 1952 OU/Coal Open Cycle 
(lUasara Hohawk) 

Daneu-r Newburah. 66.3 500 500 1951 OU/Coa1 Open Cycle 
(Central Rudaon) 

B.oaeton2 (Central Newburah. 65.8 1200 1200 1974 on C10aeel Cycle 
Rudaon. Con leU.aon. lequired by 7/1/81 
Niaaara Mohawk) 

Inclian Point' Buebanen. 43 Unit 1 0 262 1962 (It) Open Cycle 
(Con l!d1aon.· 
P_r Authority Unit 2 864 1042 1973 Nuc1 .. r Cloaed Cycle 

B.equired by 5/1/'2 

Unit 3 '" 1033 1976 Nuclear Closed Cycle 
Required by 9/15/82 

Lovett Ta.pkina Cove, 41.5 500 (+400) 1949 On/coal Open Cycle 
(Oranae and B.ockland) 

Bowline PointS Raveratra., 37.5 1200 (+400 to 600) 1972 OU C10aed Cycle 
(Oreanae and Rockland, Required by 7/1/81 
Can Edison) 

59th Street Manhattan, 5 U U 1918 OU Open Cycle 
(Can l!d1aon) 

lExclude gas turbine capability 
2Central Hudson's share of capability is 360 megawatts; Con Edison's share is 480 _ga_tta; Niagara Moha .. '. 

share is 360 _gawatta. . 
'Ownership of Unit 3 was transferred from Con Edison to the Power Authority of the State of New York on 31 

December 1975. 
~Ind1ana Point Unit Ro. 1 ia a nuclear unit with oil-fired superheat; it i. considered by Con Edison to be 

inoperable pending the installation of an emergency core cooling syst ... 
SOrange and lloc:kland'. share of capability is 401 118gawatts; Con Edison'. ahare is 801 _gawatt •• 

Source: New York Power Pool~ 1979. 
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Albany Steaa Statio1! 

1.69 The Albany site, owned by Niagara Mohawk, currently 
accommodates four oil-fueled units, each of 100-megawatt capacity, 
which has been and in operation since 1952. The approximate ultimate 
capacity that the site can support is estimated to be 800 megawatts 
(New York Power Pool, 1976). 

1.70 No additions are current 1 
(New York Power • A-major constraint on future 

~;:~~~~~~~~~~;-;;,~~=:~~to be the limitation of the 
river as a source of cooling water. The visibility of natural draft 
cooling towers and their potential to induce fogging are additional 
factors that would inhibit expansion of the Albany site (New York 
Power Pool, 1976). 

DanskaDlner 

1.71 The Danskammer Point Generating Station comprises four 
oil-fired units with an aggregate generating capacity of 472 mega
watts. The oldest units hav~ 111!en in operat,ion since 1951. There 
are no plans at pra:J,:!'!' : Il~~r:ij., the station or to install addi
tional generating ca~c~t~a;skammer site. 

Roseton ( ; --- • 

1.72 The Roseton site occupies acres in the Village of 
Roseton, Town of Newburgh, Orange Count New York. The station com
prises two fossil-fueled units with a com ined net capability of 
1,200 megawatts. There are no plans at Rr sent to install additional 
gener~ting capacity at the Roseton site. 

Indian Point 

1.73 The Indian Point Nuclear Generating Station is located in 
the Village of Buchanan, Westchester County on .1 ~19-1':r'" .. iL'" on the 
east bank of the Hudson River at Mile Point 43. The generating 
facilities occupy 35 acres of the site (U.S.Nuclear Regulatory Com
mission, 1975) and include Indian Point Units 1, 2, and 3. Units 1 
and 2 are owned by Con Edison. Ownership of Unit 3 was transferred 
from Con Edison to the Power Authority of the State of New York on 31 
December 1975. 

1.74 Unit 1, supplied by the Babcock and Wilcox Company, is of 
unique design in that it features a pressurized water reactor with 
oil-fired superheating of the main steam. A construction permit for 
the unit was issued by the Atomic Energy Commission in 1956 and the 
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unit was first put into service on 30 September 1962, under an oper
ating license issued earlier in that year. The unit has been shut 
down since 31 October 1974 for the purpose of installing an emergency 
core cooling system (U.S. Nuclear Regulatory Commission, 1975). The 
date on which the unit will resume service is undetermined. Accord
ingly, the New York Power Pool generation plan (1976-1991) excludes 
any contribution from Unit 1 (New York Power Pool, 1976). 

1.75 Units 2 and 3 incorporate pressurized water reactors sup
plied by the Westinghouse Corporation. Construction permit. for 
Units 2 and 3 were issued by the Atomic Energy Comaission, in 1966 
and 1969 respectively. A license to operate Unit 2 at 100 percent 
steady-state power was issued on 28 September 1973. The Nuclear 
Regulatory Commission issued the final environmental statement 
related to the operation of Unit 3 (operating license) in February 
1975 (U.S. Nuclear Regulatory Commission, 1975) when commere1aI 
operation was anticipated in the latter half of 1975. Commercial 
operation of Unit 3 began in August 1976. 

1.76 The generating capacities of the Indian Point units, 
excluding possible deratings as a result of ,installing closed-cycle 
cooling systems, are as follows: 

CURRENT (1979) POTENTIAL ULTIMATE 
CAPACITY UPRATINGS CAPACITY 

UNIT (meaawatts) (meaaw'!.tts) (meaawatts) 

1 0 

~ 
265 

2 @r-<? §7 1033 

3 965 68 1033 

Source: U.S. Nuclear Regulatory Commissions, 1975; New York Power 
Pool, 1979. 

Lovett Station 

1.77 The existing Lovett Station is owned by Orange and Rock
land and located in Tomkins Cove, Rockland County at Mile Point 41.5 
on the west bank of the Hudson River. The station comprises five oil 
fueled units, with an aggregate generating capability of 506 mega
watts. Commercial operations at the Lovett Station began in 1949. 
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1.78 There ~ n through 1991) to uprate or 
retire any of the ~1t 1tial studies indicate that a 
further 400 megawatt oil-fueled unit could be supported by the exist
ing site with some additional acquisition of property (New York Power 
Pool, 1976). The addition would entail the need to upgrade or expand 
the existing transmission facilities and some landfill work in the 
Hudson River in the northern portion of the site. 

Bowline Point Generating Station 

1.79 No detailed evaluation of the total generating capability 
that could be installed at the present Bowline Point site has been 
made to date. Initial studies indicate that the site could support 
an additional 400 to 600 megawatts of capacity (New York Power Pool, 
1976). The most logical addition would appear to be a single coal/ 
oil fueled unit that would raise the present station capacity of 
1,200 megawatts to an ultimate capacity of 1,600 to 1,800 megawatts. 
The addition would entail relatively minor upgrading or expansion of 
transmission, transportation, and fuel handling faei 1 it i ... ,.. ':'ll.~ce 
are, ~t P!~~~, no plans to increase the generating capability of 
the Bowline l01~erating Station. 

59th Street Power Plant 

1.80 The 59th Street plant is a common header station owned in 
fee by Con Edison and located in Manhattan at Mile Point 5 on the 
east bank of the Hudson River. In addition to the conventional ther
mal units, the plant houses two kerosene-fired gas turbine units with 
a combined sustained capacity of 28 megawatts in summer and 36 mega
watts in winter, and a combined maximum capacity of 34 megawatts in 
summer and 40 megawatts in winter. 

Future Power Plant Developments 

1.81 Substantive changes in the long term generation plans of 
the New York Power Pool have been made in the past few years. 
Included in these eh'in';;~:l are the deferral or cancellation of a num
ber of power plant projects on the Hudson River estuary at one time 
proposed or considered as likely developments. According to the Hew 
York P()wer. Pool's most recent plan covering the period 1979 through 
1994, there are no major expansions of existing facilities on the 
Hudson River or new construction scheduled within this period (New 
York Power Pool, 1979). 

1.82 Upratings of power plants on the Hudson River estuary are 
limited to ~ncre::~:: : ~sawatts in the capability of Indian 
Point Unit z-EO be ef;;cte4 in 197~New York Power Pool, 1979). 
Provisions~ original design of both units at Indian Point would 
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allow the capability of each unit to be raised ultimately to levels 
discussed previously. These upratings would entail no major site 
preparation or installation of new equipment. 

Possible Future Project 

1.83 All of the future projects on the Hudson River estuary at 
one time included in the New York Power Poolls generation plans are 
now considered as indefinite possibilities that could materialize in 
the 1990 ls or beyond. These projects consist of the Cornwall pumped 
storage hydroelectric project, the Greene County Nuclear Power Plant, 
the NYSE&G Nuclear project and the Mid-Hudson West project. 

1.84 Cornwall. Originally announced by Con Edison in 1962, 
the Cornwell pumped storage hydroelectric project comprises an upper 
reservoir around Whitehorse Mountain to the south-southwest bf Storm 
King Mountain and pumping/generating facilities on the Hudson River 
at Cornwall Landing. The Federal Power Commission approved the 
project in 1965 but, following an appeal by several conservation 
groups allied as the Scenic Hudson Preservatl:)H Conference, was 
ordered by the U.S. C,")IlI"'t: "If A!)~I';"ll:J to review its approval of the 
project, giving due consideration to the effects the p~oject might 
have on the environment. 

1.85 Public hear:i!ngs on the projects have been held at various 
times. If the Federal Power Commission ultimately authorizes the 
project, an estimated maximum capacity of 3000 megawatts could be 
inst~lled at the site (New York Power Pool, 1976). 

1.86 Green County. Plans to construct the Green County 
Nuclear Power Plant (U.S. Nuclear Regulatory Commission, 1976) near 
the Hamlet of Cemeton have been cancelled by the Power Authority of 

. the State of New York (Nucleonics Week, 12 April 1979). As an 
alternative to the proposed 1200-megawatts nuclear power plant, the 
Power Authority intends to seek the necessary approvals to construct 
coal-fired facilities in Green County or elsewhere in the state. It 

~
~ is unknown at present whether the alternate capacity would be brought 
• on line by late 1989, the date scheduled for the operation of the 

. ~een County Nuclear Power Plant according to the New York Power 
... Poolls "enefgy strategy" plin tNew York Power Pool, 1979). 

1.87 NYSE&G Nuclear. As.currently projected, the NYSE&G 
Nuclear power plant proposed jointly by Long Island Lighting Company 
and Ne~ York State Electric and Gas Corporation would be located at 
New Haven, New York on Lake Ontario (New York Power Pool, 1979). Now 
4~signated the New Haven project, the power plant would comprise two 
nuclear units, each of 1,250 megawatts capacity, scheduled to be 
operational in 1992 and 1994. --
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1.88 A site at Stuyvesant in Columbia County on the east bank 
of the Hudson River Estuary is being considered as an alternative to 
the Rev Baven site. Coal as an alternative to nuclear fuel is 
receiving consideration for both the New Haven and Stuyvesant sites. 

1.89 Mid-Hudson West. An announcement related to a large 
generating complex, caapri8ing five ba8e load units scheduled to come 
into service between 1984 and 1991, was first made by Con Edison in 
1913 (Ruclear Indu8try, 1913). Details concerning the type of units 
and site were not di8closed. The most likely location was described 
at the time a8 a site on the west bank of the Hudson River, north of 
Newburgh and behind the fir8t row of hills along the shore. Con 
Edison was simultaneously evaluating alternative sites on both banks 
of the Hudson River north of the Poughkeepsie as well as sites on 
Lake Ontario and the St. Lawrence River. 

1.90 Plans relating to the Mid-Hudson West project are pre
sently indefinite. Con8ideration is being given to nuclear or coa11 
fueled facilities, possibly to be located at the Red/Hook/Clermont 
site along the Columbia Dutchess county line on the east bank of th 
Hudson River Estuary. 

Siting Options 

1.91 A number of sites on the Hudson River have been tenta
tively characterized as capable of meeting the technical requirements 
of large generating facilities and as acceptable in terms of current 
enviroT1~ntal standards. A survey* of candidate sites for the 
Greene County Nuclear Power Plant (U.S. Nuclear Regulatory Commis
sion, 1976) identified nine potential alternatives," most deemed 
suited as sites for fossil-fueled plants as well, on both banks of 
the Hudson River between Newburgh to the south and Hudson to the 
north. 

-The specific criteria used by the Power Authority of the State of 
New York in the evaluation of siting alternatives are the fol
lowing: ~pact on air quality, impact on water quality; envi
ronmental compatibility of once-through cooling (including 
hydrothermal criteria and impact on aquatic ecology), environ
mental compatibility of closed cycle cooling (including space 
availability, fogging and icing effects, drift effects and height 
limitations of natural draft towers), visual and social impacts, 
present and future land use, population density, impacts on 

.. terrestrial ecology, meteorology and engineering feasibility. 
Closed-cycle cooling was found to be a prerequisite in all nine 
cases. 
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1.92 Initial findiDgs indicated that among the sites, four 
would be less favorable than the others for various reasons, includ
ing distance to the source of water, potential foundation problema 
and the possibility of flooding. Further assessment of the five 
remaining sites--the Denning Point site within the City of Beacon, 
Dutchess County; the Lloyd site in the TOifrl /If 1.1.,,),,1, Uhter County; 
the Cruger Island site in the Town of Red Hood, Dutchess County; the 
Cementonsite in the TOWD of Catskill, Greene County; and the 
Athens-Leeds site in the Town of Athens, Greene County--established 
the relative advantages and disadvantages of each site and demon
strated that the Cementon and Athens-Leeds would be preferable. A 
final selection of the Cementon site was made on the basis of certain 
financial and socioeconomic factors. 

1.93 The review of this selection by the u.s. Nuclear Regula
tory Commission in 1976 reveals only small differences in the indices 

\ _of merit assigned to each site, particularly the sites chosen in the 
lat~ stages of the screening process. With information now avail
ablEt, there are no indications that these sites would be rejected as 
potential candidates for future projects. 

1.94 In addition to the above sites, the member companies of 
the Hew York Power Pool have some form of possessory interest in a 
number of other undeveloped (with respect to power generation facili
ties) sites. Several -.ong these are on the Hudson River. Although 
there are no current plans to develop these sites on or before 1991 
(New York Pover Pool, 1976), their potential for development is con
sidered briefly in the following sections. 

1.95 Verplanck. The Verplanck sitp. occupies 142 acres in the 
Village of Buchanan and is owned by Con Edison. The site is in close 
proximity to the Indian Point generating facilities. Con Edison con
templates the installation of 800 megawatts of gas turbine capacity 
at some time in the future beyond 1991, if the company is unable to 
site the gas turbines closer to load centers and transmission facili
ties (New York Power Pool, 1976). 

1.96 Since the Verplanck site is part of an industrial tract 
that presently includes the Indian Point Station, land use restric
tions are not considered to be an impediment to the future develop
ment of the site. In accordance with Title 6, New York State 
Official Compilation of Codes, ~ules and Regulations, Part 660, a 
Tidal Wetlands Moratorium Permit would have to be secured if the 
development of the site would entail a significant effect on the 
existing condition of any tidal wetland :tT.'!". 
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1.q7 Ward Manor. The Ward Manor site occupies 768 acres in 
the Town of Red Hook, Dutchess County, the site is owned by Central 
Hudson and includes Cruger Island, one time an island in the Hudson 
River but now a peninsula linked to the mainland by alluvial deposits 
(U.S. Nuclear Regulatory Commission, 1976). 

1.98 Although no determination has been made to date of the 
maximua generating capacity that could be supported by the site and 
Central Hudson has no plans to develop the site, the general area has 
been identified as a potential candidate site for the ~een County 
Nuclear Plant. By a zoning ordinance adopted in July 1974, the Town 
Of Red HOok has designated the area for residential development on 
minimum 5-acre plots. Construction of generating facilities at this 
site, therefore, would require rezoning of the portions of the site 
required for the facilities (New York Power Pool, 1976). 

1.99 Terry Brickyard. The 94-acre Terry Brickyard site in the 
Town of Ulster is owned by Central Hudson. No determination has been 
made to date of the maximum generating capacity that could be sup
ported by the site. The site was formerly occupied by a brickyard. 
The Town of Ulster has no zoning ordinances. However, the Ulster 
County master plan indicates that the portion of the Town of Ulster 
in which the site is located is designated for future industrial 
development. The general area of the site has not been identified as 
a potential candidate for the Greene County Nuclear Power Plant. 

1.100 Greene Point. The Greene Point site occupies 348 acres 
in the Town of Catskill. The site is owned by Central Hudson and is 
in proximity to the Cementon site selected for the Greene County 
Nuclear Power Plant. There are no zoning ordinances or master plans 
that indicate any preferred type of development for the area in which 
the site is located. 

1.101 Easton. The Easton site is owned by Niagara Mohawk and 
is located in Washington County, on the east bank of the Hudson River 
directly across from the Saratoga National Historical Park. The site 
was originally purchased for a nuclear power plant, but the project 
did not materialize. The ultimate generating capacity that the site 
can support is estimated to be 600 megawatts. The site is well to 
the north of the Albany-Troy area. 

Other Future Developments 

1.102 On 27 October 1965, the 89th Congress authorized the 
Northeastern United States Water Supply (NEWS) Study and authorized 
the Secretary of the Army, acting through the Chief of Engineers, to 
prepare plans to meet the long-range water supply need of the North
east in cooperation with Federal, State and local agencies. 
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1.103 The Hudson River Project is designed to operate intermit
tently and to utilize directly the flows of the Hudson River to sup
plement an existing regional water supply system during periods of 
deficit and to expand the conveyance system in New York City and 
Nassau County. The project would involve the construction of a water 
intake structure, pumping st4tion, water treatment facility and a 
tunnel through deep rock. Water would be withdrawn from the Hudson 
River at a maximum rate of 950 million gallons per day, increasing 
the safe yield of the supply system by 400 million gallons per day. 
The project inta~ would be above (River) Hile Point 86 and below 
Hile Point 95, between Esopus and Rhinebeck, New York. Two tunnel 
routes on the west bank and one route on the east bank, all leading 
to Kensico Reservoir in Westchester County, have been considered. 
Construction would take 8 years and 11 million cubic yards of rock 
would be excavated. The material excavated could be used for aggre
gate or for reclamation of abandoned quarries and gravel pits. The 
project would also entail complp.tion of portions of New York City 
Water Tunnel No. 3 and rehabilitation of an existing pipeline between 
the New York City system and Nassau County. A draft environmental 
statement has been prepared by the North Atlantic Division, u.s. Army 
Corps of Engineers and filed with the Council on Environmental Qual
ity (U.S. Army, 1977). 
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CHAPTER 2 

ENVIROHKBNTAL SETTING OF THE PROJECT 

2.01 The environmental setting of the Bowline Point Generating 
Station:is defined broadly as the lower valley of the Hudson River, 
a ISG-mile corridor extending from the Battery on Manhattan to the 
Federal Dam at Troy, New York. An extensive study area has been 
selected expressly to assess both the localized impacts due to the 
Bowline Point station and the cuaulative impacts of other existing 
major power plants on the Budson River. As will become evident, 
there are reasons to 8uggest that the study area constitutes a dis
tinct natural and ecological system. Further, the region is one in 
which impacts and resources--physical, biological and human--can be 
related meaningfully. 

,I 

2.02 The study area is composed of the counties in New' York and 
New Jersey that lie on both banks of the Hudson River over its tidal 
portion (Figure 2-1). In New York, these counties are Albany, Renn
selaer, Greene, Coluabia, Ulster, Dutchess. Orange, Putnam, Rockland 
and Westchester and, in New Jersey, Bergen and Hudson Counties. 
Wherever appropriate, the City of New York is treated as a single 
entity within the study area. . 

GENERAL 

2.03 The Hudson River begins as a ... 11 stream flowing out of 
the Lake Tear in the Clouds on Mount March in Essex County, New York. 
Its entire length of 306 ailes lies in the State of New York. From 
its source 4,322 feet above sea level in the Adirondack Mountains, 
the river winds for more than 100 miles in a south-southeasterly 
direction to Corinth, then east to Glens Falls and neighboring Hudson 
Falls. From there it flovs for 45 milea,. al.,st directly south to the 
head of the tide at the Federal Dam at Troy, 4bout 150 ailes upstream 
of its mouth. Below Troy, the river passes through an industrial and 
agricultural area and enters the colorful Hudson Highlands region ab
out 60 miles south of Albany. For 16 miles i~ winds through a narrow 
valley with high cliffs rising steeply fra. b·oth shores. The river 
widens at Indian Point and reaches its areatest width of 3 1/2 .iles 
at Haverstraw Bay. Continuing south, the river is bordered to the 
west by the sheer cliffs known as the Palisades and widens into upper 
New York Bay at the Battery on the southern tip of Manhattan Island. 

2.04 The Hudson River is one of the major commercial and re
creational waterways in the northeastern United States. The u.s. 
Army, Corps of Engineers) maintains a channel in the river as far 
north as Waterford. There the Hudson River is joined by the New York 
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State Barge Canal, a 50~ile system of canall and rivervays that 
linlte the lover Budeon to the Great L.,kesand, through Lake Cham
plaia, to the St. Lavrenceliver. Connections are provided to Utica, 
Syracuee, Iocbester, Catu.a Lake and Seneca Lake. The Hudson River 
is naviaabte by ... 11 Gceanloing veslels a. far as Albany, and ~h~ 
Rew York Itate Bar.e Caaal is navigable by shallow draft vessels. The 
watervays are heaVily traveled by commercial vessels, carrying 
principally ',etroleua and petroleum productl. sand, gravel, crushed 
rock and coal. Pleaaut.'baat traffic is considerable durina the 
var.er *Oathl, but p ••• ea,er service on the river is limited to ex
cur. ion trips operating froa the Bew York City area. The lower river 
il open year-round to Aliany and the navigation season is 12 months 
for ace.nloing vel.el.aRd 8 months for barges. 

2.0S Settle.ent of the Hudson River yalley by the Dutch began 
in the _i4-1620'I, folloWina the discovery of the river by tbe 
Florentine navigator Giovanni da Verrazano in 1524 and the later ex
ploration in 1609 of Henry Jludson, an English sea captain employed by 
the Dutch Welt India Coa.pny. Fortified trading posts were es
tab~ished in the area of present day Albany and Rev York City. The 
small colony of lew ~terdam on the southern tip of Manhattan grew 
within the first few '18.1's of .ettle_lIt and. its safe harbor saw 
increasing uu"'rs of d~rcial vessels plying the coastal trade be
tween ~ AmeterdBa and Inglish settlements in Hew England and 
Virginia. The harbor and river, by early accounts, teemed with 
salmon, striped ba.s, .turgeon and shellfish. 

2.06 Growth of the hinterlands was slow throughout the colonial 
period but increased rapidly in the 19th century. Robert Fulton es
tabli.b.~ Ite" navig~tion in North A.erica with the maiden voyage of 
the Cler.ont on the ~a.on River in 1807. Completion of the 363-mile 
Brie Canal between Albany and Buffalo in 1825 had a profound influ
ence on the development of the state, providinl. aaong other things, 
cheap tranlportation for the aaricultural and manufactured products 
fro. weltern Rew York and beyond to the Atlantic leaboard. The 
transportation sy.tea of the st;ate was further expanded and re
inforced in the 1350's by the coa.olidation of several small rail 
linel into the Rew York Central Railroad running between Albany and 
Buffalo. Albaayval next linked to Nev York City by the New York and 
Harlem Railroad and the Hudson River Railroad. Today's principal 
transportation corridors and lines of communication vere forged. 

2.07 Industry prolpered o~er the same period along the lower 
Hudson River. The river towns of Budson, Poulhkeepsie and Newburgh 
owed their early prosperity to the whaling fleets and processing of 
whale products~ Other industries soon developed and other set
tleqeats aloaa the river IreV in importance as centers of induRtry 
and coaaerce, aMong them~arrytown, Nyack, Ossining, Havec~tr~w, 
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and brlc~~IlI' ltuii~tiD.J'. }18h~na. ,~e~~".~~",,4~.;.h •. -lIt~,a •• of 
ice' cut fr~ the rivet l~' -lnter. ~~, .ol.:~he iMu~tri.e •. JlaD,18hed 
and other de'leloped ~~J;,i~ the 20th, c,ijtUf1:I', ~1\lfO_'''U'.' C'Uui.
vated where ice once,w", ,ltOteel. ~lld .:~i1le ,~ .... dh.p~ring as 
lUmbe!~~~n'~,ira,t~:f~t."~t.'" z:~c~d~d "futther ,ifit,o tit .. ~t:,n:.,' i .. l. , 
~rr::Y1DJ o,~ ·~~ue.'~l~r,,~a i'1e .... t .Dql~,C:tu~i .. bec ... ~, .~taat 
lndu.td~e,'.,'Ilje av).~la'$,U1ty of ~~~er ,,~nd ,lIl~~e~ •. lDg "4,.Wfom ' 
eieetricaleller" al t,he, lP'!J8r }lud,OIl ~,v;er ~~~~eJ, ' &1', e~, i._tOl" 4oe, 0, f 
the nation's "Jor c,ot!r8 0'£ IMDufacturi ... I.,.! ~ the -.i:,tiaa-of 
steam electric' planhq~,tDe r;iver .illcethe ~li ... t , .... of the 
electric utility indUltTY. Tranl.iesion line. become eltabli.hed 
roughly along the ~jor tr41lIport.ti~route ... individual ,utilities 
aerged graduat'ly to 'fora "tlle integrated supply network ~t exist .. 
today. 

PHYSICAL SmIlfG 1 '. 

" -, 
- I • _ 

2.~,The lfucl.on'.i",.~·e.t;uary :ex~end~ ,Qw.e~ .".r .. Of~'a~ f 

proximately' ,6. 7~OQ .qua~e~ ,ia~", ' I.low AlbW,. the :lAA4 b~01IM!;.,open 
country elt~ept, 'wh'r. 'J:b~, Ca~.~~lls ud the ~~oD"IIit.la~~8, ;.Qut, 
thr~h (he HudlOD Valley~ . South of the Ri~lta~ the tUUIi,n •• ain 
becomes ~Pen countr1 w~th the hiah cliffs o~.tbe Pali.ades for.ing 
the west bank of the Hud.on ~ver. 

Phy.iography 

2.0911le e~~ir'e·'~~.o~~'iver ksi~ li~.~,~~,'+X·'P~1.i9'Jra"',ic 
provincea--St. ~aVren~,-Ch~~ail!', Lo"laad. ~ ,.M4rqp4aclt Iliplancll, . 
Budlbn-Hollatrlt , Lowlan6j. ,:Appdach~.n ,Uplanda, ,Ie" BllIlaP4 Uplp.ct. aad 
Triassic Lo"l~nds (Rou8J1too,t at •• 1962). The St.,~wre~e-Ch8llP
lain Lowlancfs"i>tovince inelu4e. the St."Lawrence liv,r VaUey , 
no~thea.t Of"th~ th·o¥,_p'~ I'i~,as.' the Low rolli ... ·'~l1. that border 
th18 .va11ey to the .ou~6. a .. d ~pe Lalte Ch_pla~~ ;Va~l.l! The :. 
Adirondack Highland, ~io~iice i~cludea the hi.he.~ mQ~Dtainl in Rew 
York State. especialli '~~:t~e lliabPeM area,Qf ~~~.'t-eeDtral 
Adirondack M~~nt.in •• · liotb·~h •• e,provi.cea lie,b"YOQd the study 
area; theHud'o~ River e8tuaty lie. within PQrtions of tbe remaining 
four provinces, •• showin'ri,ure·2-2. 

2.10 The Hu4~on-Hohawk Lowland. province is. a .northwar4 ex
teDsion of theVal1ey and Riclae':rrovince of .a.tern Borth Alleriea. 
Topography of t&elowI.~d8 has bee~ developed by erosion of weak rock 
outcrop beltl,tbat • in the case, oithe Mohawk Lowlan4.. l,ie between 
the Adirondack8, and a aeries of ,teep l~.toJle eacarptMDts,k1lown as 
the Helderberg.. The Hudson Lowlands lie between the Catskil1. to 
the west and the aet81DOrpho8ed shale hills of the Taconic Hountains 
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to the east. For the most part, the lowlands have low elevations and 
relief. 

2.11 The Catskill ~untai .. form the ea. tern fringe of the Ap
palachian Uplands, a aajor ar.a of the State of Rew York and a part 
of the Appalachian Plateau. Relief is high to moderate throuahout 
the Appalachian Uplands, the highe.t peak being Slide Mountain (4,202 
feet) in the Catskill Mountains. 

2.12 The Rew Ingland Uplands Province is an area of great 
geological complexity and diversity. The area encompasses the Budson 
Bighlands and the hilly country (Taconic Mountains) between the Hud
son liver and the Ma .. achu.etta, Connecticut and Veraaont state lines. 
Rocks in this province are .ither aetamorphic or igneous, and the 
land forms show a clole relationship to the relative durability of 
these rocks. The Budson Bilbland., a northe.st trending uplan~ of 
Preca.brain rock., are an extension of the Rew Jersey Bighlands to 
the eouth and continue into the Bousatonic Bighlands to the north. 
The Budson Biahlande have the areatest relief within the province, 
with elevation. ranaing frOB 800 feet below sea level (bedrock of the 
Burson liver Valley) to more than 1,600 feet. Most of the ridges and 
valleys in the Budson Bighlands follow the northeast-southwest strike 
of the metamorphosed rocks so that strong topographic linearity 
characterizes this part of the province. The Taconic Mountains have 
a general north-south trend dependent on the strike of the schist 
that forms the hills and the limestone in the valleys. An exception 
is the Rensselaer Plateau, a r4lling plateau surface with relief of 
more than 500 feet. This area, about 20 miles long (north-south) by 
9 .iles wide (east-welt) is held up by the resistant lensselaer 
graywacke. 

2.13 The Triassic Lowland. area is unique in Rew York State. 
The portion of the province within the state lies entirely in lock
land County and is bounded on the east by Palisades sill and on the 
north by the .ill and the Tria •• ic border fault. Shales and 
sand.tones lie both over and u~der the diabale sill, but those be
neath are .. inly covered by BU480n liver waters. Drainage in the 
overlying shales is to the south and is generally controlled by 
north-south joints. The ouetandings feature of the province is the 
Pali.ades, a north-south escarpment developed on the diabase sill 
that foras the west bank of the Budson liver from Nyack south tp 
Staten Island. The scarp has been cut in several places by faults 
along which erosion has developed'narrow cross valleys. 

2.14 The geomorphology of the Budson drainage basin has been 
influenced substantially by the glaciations of the Pleistocene age. 
The river valley, which paralleled the general north-south direction 
of ice advances and retreats, was deepened into a typical glacial 
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troulh vith U-Ihaped cr.ll-lection, leavina tributarie. han,in, hi,h 
above the new valley floor. Dari .. Ilacial retreat and ,ubiequent 
floodiaa vith the ~ile in lea lev.l. the deep trench, in places up to 
750 or 800 feet in depth, wa. partially filled in by debri. and ,la
cial till. The treach, i.it. pr .... t fol'll, ia the Bud.on River 
Channel. 

2.15 The Bowline Point Generating Station i. located in the 
Tria •• ic Lovlanda. Other leDeratin, facilities on the Hudson River 
north of the Hudson HiShlandl, including the Io.eton facility, lie in 
the Hudlon-Kob .. k Lovlanda. 

2.16 The Northea.tern Reaion of the United States, defined as 
Nev England and lew York by the National Oceanic and Atmospheric 
Administration for the purpo.e of of listi~g and de.cribing earth
quakes, contain •• one. of Telatively high sei .. ic activity (V.S. De
partment of C~rce, 19738). Bev York and Ma •• achusett. have ex
perienced leveral .e.er8 shockl. This rei ion is affected al.o by 
large earthquake. ori,inatin, in adjacent Clueda, principally in the 
St. Lawrence Valley and the Laurentain Troulh. Earthquake. in the 
re,ion .. y be explained by the readjultment of the cru.t following 
the recent Ice Ace. 8a.. .eololiltsluglest.that the earth's crust, 
deformed by the ice load during glacial periods, is gradually re
turning to itl no~l po.ition. Adjust .. nt. may occur at great 
depths without producing major lurface faulting (U.S. Department of 
Commerce, 1973a). . 

2.17 The aeneral area of major .eismic risk in New York lie. to 
the north of a line extending fro. the southwe.tern corner of the 
state on Lake Erie to the Nev York-Vermont state line on the Canadian 
border. All of loutheastern New York up to a point south of the 
Albany-Troy area and part of the Southern Tier of the .tate i. in an 
area of ainor ri.k. The reaainder of the state is an area of mod
erate seisaic ri.k (U.S. Department of Com.erce, 1976a). Thus, the 
study area lies within a zoae conlidered to be of minor .eismic risk, 
with the exception of Albaay and Rensselaer Counties, which mark the 
transition into a zone of .aderate sei.mic risk. 

Climate 

2.18 The climate* of the Hudson River E.tuary is character
ized a. humid continental, the type that prevails throughout the 
northeastern U.S. Doainant contiuental characteristics stea from the 
frequent invasions of cold, dry air .. sse. from the northern interior 
of the continent alternating vith varm, humid air transported by 

*Material on climate in the study area is derived mainly from Pack, 
1972. 
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south and .0ut"' •• t.rl~~1f~n~ ... fl'~ ~Ia. Gulf-of ... :deoaadadjac.Dt 
tropical •• t.ts. A t~i~cI· f~"-9f a'l'. a'f.ctat'. cu._ ••. ·of... '. 
York,' p.tticql.dy iii ~.i'~th.ai~'A fOrtio .. .; iA:ar •• t .ir ..... 
flo,,' in(and~roa the ,lIorth :4t1.atic ,Qc.a •• d!p~Hue.s 'CGOlf'cloudy 
anddap .. ath.r. Aithouah ,iaportaat. the aaritiiMillfluenc. is 
secondary to the more 'prevalent air flovs acro •• the continent. 

2.19 Aver .. ealPlU~ .~D ~~ature. :tatrouabo.ttlw .ta,t. -vary 
betve~~ 40 :r'ia tbe, ~i~&ck Koun~.iD" to.Il ... ~55 p. -iathe Rev TOi'k· 
City area. Aver.~,~~ t8llJHlnture •. Hq8 '1rdiI'16: "'the Adiroa
dacks to 2'6 :r iii the lover Rudson )liver VaU. ' .. 1I04ft&1:iDI. .' 
influcence of the Atlantic Ocean is .uch that Rev York City exper
iences subaeJ'o 1Ii~ ,t,.,.r.ture. i.- t.~ 01'1 dine·' vlliterj' out of 
10, "ith low t~"AA~r..~leaerallY n •• r .• S P .. :,·fte '-loVer1'portioDl of 
the Rudsoll I.~~er Y.l~"i"'ve rather w.l'Il ..... nwtth:. ~rt-od. of 
higb,c uDCo.fQrt.bleJlu~,~litY. lI ..... rclqt_ ·t .... rct ..... r~al. frOm 
the upper 70.· ,~o< tbe ,.t,~,80... T .... er8Ur •• · of 90 pc. or hiah.t-· occu'r 
from late. Ka1 ~9;mi~~p~e"'er throll,hout : the ..... ·:Ri.e't" •• tu.ry. 
Th. Rev York ctty .1.' ... 4'J, . .,. t of. the W.oia-! ti .... r· V.U.,: record an 
av.raae of 18 ~p .f,. d.,. wi.~ .uch t .... atus-.. dviD,' the •• n. e.a
son. While tea,.rature. in·exee ••. of· lOO":ar. ral", .. Ay ••• ther 
statio ... in tli., .ou~herp'(porUoD .of :.t11* .tat.. hav. record.d t .. -
peratur.s 9.f loD l.to lOS r on oce •• ioDs. In'theAdirondaak 
Mountains the ....... r cliute ia con.i4erably coolel';addiaa to the' 
area's att~activ.ne~.· as •. year-round r.sor·t. 

2.20 The averaae annual precipitation in the Rud.on River basin 
i.e 42 inches, 8en.ra~1Y:t,ven\y .4ietrib"ted tbalO1llHout ,the year. No 
distinctly d'ry or wet s""Q~.occur reaul-ady·&c. yeu to ,.ar. 
However, 10ng-te~recor<c14, -inc«.eat. that the Ir •• te.t pr4iCipitation 
occurs in the sp~inl.~fall. Since the droupt of 1964:, .w.er 
rainfaUs in exce.s . .of :the averaae 4 inches per.oath have been re
corded in the Hud'on River. Velley. AnnuaL .precipitation ~ be as 
high as SO Jnchea in .the .Cat~kills. .l'hec.t,Jtill hilh-lads in Ulster 
(and Delaware and.Sul~iv.n ,C~nties) recordh_., .UOV-accuaulations 
aver'aina 100 to 120 i~. ~r ,e.r •.. '!'be 1IOCleratini influence of 
the Atlantic Ocean reducH,.: the sn~ .ccuaul.t-io1l to 25 to 3S inches 
in the New York City area. Minimum seasonal .novfalls of 40 to SO 
inche~ occur near the Hudson River in Oranae, Rockland, and 
Westchester Counties and upstream to the southern po~tion of Albany 
and Renssela.~ Coun~i ••• 

'. . 
2.21 Alt~O\Iah) •• j9z:,f100d. arerelatively·infr .. quellt, the 

greatest potenUal,~ol'·floodinl oc;curs th'OUlhbutl the State· in the 
early sprina wben~.ub.tantial rains may coabine ,.ith rapid snow .. lt 
to produce heavy runoff. Several of these fioods have occurred since 
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the turn of the century in the river basins of southern and eastern 
Rew York. At other times of the year damaging floods occur after 
prolonged periods of rainfall. Examples in recent years are the 
floods in the lower Hudson River Valley in May 1968 and in the 
Catskill Mountains in July 1969. In addition, the New York City alea 
and other heavily urbanized areas are subject to severe flooding of 
highways, streets, and low-lying ground. 

2.22 The prevailing wind is generally from the west throughout 
all of New York State. A southwest component beco.e evident during 
the waraer months while a northwest coaponent is characteristic of 
the colder half of the y.ar. Wind patterns within the Hudson River 
estuaty, however, are subatantially influenced by terrain, particu
larly where relatively pronounced differences in elevation occur 
between the valley and adjacent ridges. This influence is such that 
winds on and abOve the river are often upstream by day and d~wnstream 
by night. Annual wind roses pertaining to three selected locations 
within the study area are shown in Figure 2-3. 

2.23 Annual wind roses derived from meteorological observations 
at the Bowline Point and Roseton generating stations (Orange and 
Rockland, July 1976; Centr41 Hudson, 1976) are shown in Figure 2-4. 
The differences in wind patterns prevailing at the two sites reflects 
the strong influence of topography. Local winds at Bowline Point are 
predominantly from the northwest quadrant over the year, with a 
secondary maximum in the distribution due to the southerly winds of 
the summer months. Further details of wind direction frequencies by 
calendar quarter and stability class, as observed at the Bowline 
Point station between June 1975 and May 1976 (Orange and Rockland, 
1976) are summarized in Table 2-1. Dominant wind directions at 
Roseton are north-northeast and south-southwest, roughly parallel to 
the river channel at the site. Available information derived from 
observations at the Roseton Generating Station between December 1974 
and February 1975 (Central Hudson Gas and Electric, 1975) is given in 
Table 2-2. 

Hydrology 

2.24 The Hudson River drains a total area of 13,400 square 
miles, most of which lies within Hew York State, with small portions 
of the basin extending into Vermont, Massachusetts, Connecticut and 
Hew Jersey (U.S. Department of the Interior, 1972). Approximately 
8,100 square miles or 60 percent of the drainage ba$in is upstream of 
the Federal Dam at Troy. The remaining portion drains into the es
tuarine portion of the river. 

2.25 South of the Hudson-Mohawk confluence, the Hudson River is 
joined by only three major tributaries, namely, the Wallkill River 
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STArIOII 

TABLE 2-1 

QUARTEllLY WIHD DIBICTION :ntIQUBNCIBS BY STABILITY CLASS t 
JUNE 1975-MAY 1976, Kl THE BOWLIHI POINT GBlfBRATIHG STATION 

IUlILIn (JIIII-MIGUST 1975) IUlILIft (SlPt'BlUR...avaeIR 1975) 

IIISTaLI (25.41) IIvruL (49.41) ITaU (25.21) .. raUl (11.21) IIIU'l'1AL (55.21) . SUllUI (33.71) 

BClllrllD. TCIIIr.r, 
lOO-foot hftl • lID 

10.6 lSI 
10.1 

U.3 V 10.2 
IIIf 33.' 
IV 21.2 

DI 15.2 • 10.2 VW 27.0 
IV 17.7 Sli 9.J !IV 22.9 

VIIV 11.0 
IV U,7 

tltSTaU (25.51) IIvruL (SO. 71) lUlU (2'.11) .. DILl (10.91) ~ (55.21) 
C.l,. 

ITaLB (33.91) 

BCIIIrlillll T"".r 
2oo-foot h".1 • III 

11.2 II 
10.0 lSI 

10.4 WV 
13.' IV 

IIIV 

16.~. IV 
23.7 1ft 
11.2 

17.4 • U.'-. 
Sli 
IIIW 
lfW 

9.5 VIIW 
10.4 IV 
10.0 RIW 
10.5 
15.6 

9.0 
16.8 
18.6 

Illlti1U (25.91) IlIJl'W. (48.U) lUIILl (26.OIf _'hILl (11.11) DtJTBAL (55.3%) STABU (32.91) 

BCIIIrliu TCIIIr.r, lID 13.0 lSI 10.1 IIIV 10.0 II 16.1 • 9.4 II 9.6 
350-foot a".1 IV 13.9 IV 14.7 II1II 10.4 IV 9.0 .. 14.1 SSI 11.1 lIIIW 9.0 

• 11.' III 11.1 

STABILITY (mCIIaQ 1975-JllIUAI! 1976) l'UlILIn (1WlaI-1IAY 1976) 

_TABU (5.41) D1J'rIAL (74.11) srau (20.5) IIISTau (l.21) DUTIAL (65.41) S'UlU (33.21) 

BClllr1iD. TCIIIr.r (L), • 
100-foot h".l II1II 

D 
VIIV 

15.6 • 
22.9 VIIV 
9.4 ., 

u.s WIW 
13.8 IV 
25.7 

16.6 • 
26.9 ID 

D 

33.1 VIIV 
33.8 W 
14.1 

15.1 SI 
U.S IIV 

15.0 
16.6 

1If8TABU (4.11) D1J'rIAL (74.71) ITABU (l1.51) ... TABU (1.21) D1J'rIAL (65.41) ITABLB (33.21) 

BClllrllD. Towu (L), • 
200-foot h".1 lID 

HE 
IIIl 

15.7 • 
22.9 lID 
10.0 ..w 
17.1 ... 

10.1 IIV 
10.8 
28.5 
11.5 

17.9 • ., 44.4 VIIW 
29.6 IV 

20.9 SI 
17.1 

13.2 

llllWU1 (4 •• ) II1I'J'IAL (74.61) lUIILl (28.51) llllWU1 (1.21) IIIl/TIAL (64.41) STABU (34.21) 

BCIIIrliu t'aHr. 
3SO-foot awl • lID 

VIV 
IIIV 

31.0 • 
19.0 WV 
9.5 ., 

11.9 .., 

All frequencies in percent. 

11.0 • 
11.1 ssw 
19.5 IIV 
9.9 

Source: Orange anc1 lockland. 1976. 
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'fABLE 2-2 

PBJIOIDWI'f wnm DI.-eTIOI PllQqIlCIE$ BY STUIL~TY· ~Sl;! 
AT ROSETON GENBRATIIfG STATION, DECOOD 1974 THROUGH FEBRUARY 1975 

STABILITY 
STATICIf 

UDT4JLE (2%) HlJ'PRAL (58%) STABLE (40%) 

Roseton, NNE. 13 NNW-RIfE 25 N-NNE 13 
50-foot level 

SSW-WSW 52 ssw-WSW 36 ssw-sw 30 

NW 6 W 9 CALM 26 

CAUl 9 CALK 7 OTHER* 31 

OTBER* 20 .OTBD.* 23 

Roseton, NNE 24 N-NNE 22 N-NNE 16 
28O-foot level 

SSW-WSW 38 SSW-wsw 34 ssw-sw 37 

'--". W-NW 18 W-WNW 17 CALM 10 

OTBiR* 20 OTHBR* 27 OTHER* 37 

*Indicates the sum of the UJl1isted wind direction sectors, each less 
than 5% frequency. 

Source: Central Hudson. 1975. 
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and Kinderhook and Iondou't Creek. (U.S. Departaent of the Interior. 
1972). Tbe drainage area Qf the' .ower river iI ienerally narrow and 
confined by geolo,ic barriera auch a8 the Berk.hire. and the 
Catskill., the Mid-Su\llton rid,e of the Appalacbian cbun, and the 
Pali.ade. for.atiqn. 

2.26 Ste .. aagina record. at Green I.land. t..ediately upatream 
of the Troy lock, .how that the yearly average flow of fre.hwater in 
the Bud.on River exc •• da 1'.000 cubic Ceet per .econd" (Rational COlI
ail.ion on Water QualitY. ' 1975). Monthly and yearly avefaae flovs 
.a.ured at Green IIl.ad between 1972 and 1975 (jational 'Ca.ailaion 
on Water quality. 1911

,; t.'-S~:Depart ... t: of' tha' 'latterior 1976) °are 
ahown in Table 2-3· tupther lIith loni-fer. fI91S throuah 1973) 
averaaeflowa. U the ciWta illdicate. fre.hwater flowa vary conaid
erably over the year vith maximum flow. occurrina aene~any durina 
the 1IIOI1th8 of March. April and May. . Period. o·f low flov usually 
beain in June and continue until Roveaber. , 

2.27 'lbe .. jor portion of freshwater flu", '-!Iltera the estuary 
at ita heltlt Itt Troy. The reuinina portion COil.iat. laraely of con-· 
tributionl by tributariel flavina into the upper reach of the el
tuary. Runoff froa approtliately one half of' the river basin 
downstrea of Green Ialand is aaaed. The oaciUatina tidal flow in 
the eltuary can exeeed the tlow of fre.hwater by • factor of 10 to 
100. Durina each tidal cycle of 24 hour. ao4.S0 .inutes, two hiah 
tides and two low tide. occur, producina a a8antrdal ranae of 4.5 
feet at the Battery, 2.7 feet at We.t Point and 4.7 feet at the Troy 
Daa (U.S. 'Depart_nt of eo..erce, 1972). 

2.28 'lbe salinity. of the Budlon River increases aradually 
with distance IIOvina dows'treamtoward. it. aouth(Water Information 
Center, 1976). In the fre.hwater •• ctorl, chloride ion co~centra
tionl ranaina fra. 6 to 30 .illiar ... per liter (ma/l)** .. , be 
encountered al a re.ult of sewaae and industrial ~ischaraes and 
runoff fra. adjacent lands. Values over 30 < .. Ii) can be indicative 
of the first intrusions of seawater. Downstream of the freshwater 
sectors, chloride concentrations in the river increase to 

*Salinity denptes the dissolved mineral content of seawater and 
amounts of 34,500 Ililliarams per liter in the Atlantic Ocean who:!ce 
the Hudson River estuary disc~araes (Water Information Center, 
1976). Six constituents make up 99 percent of the total seawater 
saLinity. 'lbe major coaponent is the chloride ion, which accounts 
for 55.0 percent; other major coaaponent ion. are sodium (30.6 
percent), sulfate (7.4 percent). "anesium.(3.7 percent). calciUll 
{I.2 percent) and potassium (1.1 percent). . 

**Fo~percent purposes, .illiar ... per liter and parts per million 
(by weiaht) may be taken as equivalent units. 
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TABLE 2-3 

MONTHLY AND YEARLY AVERAGE FLOWS OF THE HUDSON RIVER AT GREEN isr A"TD 
FROM 1972 THROUGH 1975 AND LONG-TERM AVERAGES 

FLOW (CUBIC FEET PER SECOND) AVERAGE 

MONTH 

1972 1973 1974 1975 1918-1973 

October 7,811 7,198 6,332 9,049 7,620 

November 7,291 26,081 10,933 17,180' 12,970 

December 17,000 26,913 34,566 19,380 13,603 

January 13,410 26,181 30,730 . 19,070 12,439 

February 10,930 20,368 24,911 19,370 11,708 

March 26,860 29,730 30,933 23,680 22,743 

April 37,960 34,270 39,973 25,580 31,465 

May 40,520 27,540 77,833 20,000 18,469 

June 29,630 .Ll,600 10,702 12,970 9,708 

July 18,380 10,230 20,127 7,464 6,912 

August 7,616 6,180 12,845 8,966 5,342 

September 6,309 4,050 13,420 17,030 5,963 

Yearly 
18,643 19,278 26,110 16,610 13,172 

Average 

*Water year begins in October and ends in September of the follow-
ing year. For example, water year 1972 began on October 1, 1971, 
and ended on September 30, 1972. 

Sources: National Commission on Water Quality, 1975; u.S. Department 
of the Interior, 1976. 
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values between 5,000 to 16,000 mg/l in New York City area and 15 boo 
to 19,000 mg/l at the outlet to Hew York Bay. Ii 

2.29 In broad terms, the .eawater advances and recedes in the 
river as a wedge. 'resh and leawater at the interface reaain re
latively well separated when the wedge il located far downstream. 
Under these conditions the properties of the water ."it: tlte surface and 
bottom differ markedly, but the front become. increasingly diffuse as 
it progres.es toward. the .iddle reaches of the estuary. 

2.30 The movement of the .alt front in the Hudson River e.tuary 
is influenced by several factor., principal among the. being the 
amount of fre.hwater flow and the tidal surge of saline water from 
the ocean. The salt front oscillates with each tide in a movement, 
knoWn as the tidal excursion, that aay tran.f~r the .alt front up
stream by as much~les on the flood tide and alaos~ mi!!s 
down.tream on t~bb tIae. The overall mean position of the salt 
front can travel up or down.tream in respon.e to lea.onal\river flows 
.by a •• uch a. 50 or 60 river aile.. The upstream mavemends of the 
salt front are aSlociated with higher incoming tides and~minishing 
upland runoffs; conversely, downstream movements are associated with 
increasing upland flows and lower tides~ 

2.31 Sea.onal average profiles of chloride concentrations indi
cate that the .alt intrusion (where the concentration of chloride 
ions exceed 100 .,/1) reaches Mile Point (river mile) 33 in winter, 
36 in spring, 47 in summer and 48 in fall (National Commission on 
Water Quality, 1976). During year. of normal or above normal flow, 
therefore, the salt front reaches the Bowline Point Generating 
Station at Mile Point.37.5 only in summer and fall and does not reach 
the Roseton Generating Station at Mile Point 65.8. The intrusion 
during periods of abnormally low flows may reach considerably farther 
upstream. For example, in the drought year of 1964, the salinity 
front reached a, far a. Mile Point 82 in the vicinity of Hyde Park. 

2.12 An overview of the major morphological characteristics of 
the lower Hudson River is shown in Figure 2-5 and observations taken 
in 1974 are summarized in Figure 2-6. 

Water Quality 

2.33 The quality of the Hudson River waters varies greatly 
along the estuarine portion of the·river. The New York State De
partment of Environ.ental Conservation hal subdivided the estuary 
into five segments and characterize. the quality of water in each of 
these on the basi. of criteria developed by the Departaent (6 &YCRR 
700-703). An overview of the clas.ification .cheae is given in 
Figure 2-7. As indicated, water quality in the midportion of the 
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FIGURE 2-5 

MORPHOMETRIC CHARACTERISTICS OF THE toWER· HUDSON RIVER 
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estuary is generally good, allowing the unrestricted use of water 
(including municipal supply) roughly between Mile Points 60 and 125. 
Water quality upstre .. of Mile Point 125 to the Albany area de
teriorates, rendering the river unsuitable for bathing and as a 
source of municipal supply. Downstre .. of Mile Point 60 the estuary 
is subject to intru.ton of salin. water and the river becomes un
suitable for IlUnicipal supply. ~ogressively vornning water quality 
exclude. the use of the river for cOIlllll!rcial ahellfishing downstream 
of Mile Point SO as veil as bathing down.tre .. of Mile Point 30 
through to the Battery. 

2.34 Municipal discharges of sevage into the river are the 
principal causes of poor vater quality dOWDstreat of Albany and in 
the Hew York City area (Rational C~ission on Water Quality, 1976). 
In spite of substantial reductions in wast~ loads since 1967, dis
,olved oxygen levels in these portions of the river fall below the 
critical level of 4.0 .illigras per liter* during sw.er and 
periods of extre .. ly low flow (Hational Co.mission on Water Quality, 
1976). A .. x~ua concentration of ·colifo~ bacteria occurs in the 
Hew York City area vhere a count of 122\,:600 cells per 100 milliliters 
has been reported (Iiti~.l Commission on Water Quality. 1976). Un
desirable high colifo~ co~nts are charecteristic of approximately 
one-half of the Hudson River within the study area (Hational Com
mission on Water Quality, 1976; u.s. Council on Environmental Qual
ity. 1976). Although the elevated bact,riololical content of river 
waters is attributed for the DOst part to point sOurce •• the con
tributions of stormwater runoff and co.bine44f6wer disch.raesare 
thought to be appreciable (Rational Comaisiion on Water Quality, 
1976). 

2.35 Dissolved oxyaen levels in the remainder. of the estuary 
remain above 4.0 milligrams per liter. Althouah 5-day 'biochemical 
oxygen demand of the river vaters is le.arally Dot hilh, beinl less 
than 4 ailliar_s per liter, the corresp9Ddilll-ch_ical oXYlen demaRd. 
ie at a substantially'hI.h'er level of 12 to 35 millf.lralls per liter, 
sugge~ting the presence of refractory or nonbi~ .. rada&le orlanic 
material (Hational Commission on Water Qualtiy. 1976). 

*A level of 4.0 .illiar .. s per liter of dissolved oxygen is 
considered as a lenerally applicable min~needed to ensure 
survival of aquatic life (U.S. Council. on Environmental Quality, 
1976). Other criteria'a'dopted as beDe"'rk~luesby the Council on 
Enviro .. ental Quality in aSlels"ina vater quality trends of U.S. 
rivera are al foUavs: fecal colifona b8ctel'~--200 cells per 100 
.illiliters (health protection of svLamers)~ ~~chemical oxygen 
demand--5 milligr ... per liter. total phospho~.--O.1 millilram per . 
liter (prevention of nuisance algae growth). aDd total nitrogen--l.0 
milligram per liter (U.S. Council on Environmental Quality. 1976). 
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Nutrients 

2.36 Due principally to the inflow of sewage from New York City 
and Albany areas, concentrations of nitrogen and phosphorus in the 
Hudson River estuary are often at levels higher than those generp 11 v 
considered to be indicative of eutrophication. Phosphorus levels ex
ceed 0.1 milligrams per liter over almost the entire length of the 
river within the study area, and nitrogen levels are above 1 milli
gram per liter over approximately one-half that length (National Com
mission on Water Quality, 1976). In spite of high nutrient levels~ 
the manifestations of eutrophic conditions are limited to occasional 
nearshore blooms of al.gae. Factors that tend to control algae 
productivity are the relatively short growing season and rapid flow 
of the river. Other factors, such as turbidity (not especially high 
in the Hudson River), elevated concentrations of suspended colloidal 
particles and abundance of organisms, act as barriers to light pene
tration and may further control the growth of algae (National Com
mission on Water Quality, 1976). 

Toxic Substances 

2.37 Concentrations of heavy metals in the Hudson River are 
generally be low leve ls that are lethal to aquJit i..: . Hog i. <l i ";'13 and re
htiv>!ly hi~h concentrations of iron, copper and lead have been re
ported (National Commission on Water Quality, 1976). The extent to 
which residual quantities of pesticides may be present in the waters 
of the Hudson River has not been determined. In view of the small 
portion of land devoted to agriculatural uses within the study area, 
pesticides are considered as a relatively minor health hazard in com
parison to sewer overflows and storm runoff from urban areas 
(National Commission on Water Quality, 1976). The confirmed presence 
of polychlorinated biphen~'~ (PCB) compounds in the waters, sediments, 
and fishes of the Hudson River (New York State Department of En
vironmental Conservation, 1975; 41 FR 8409, 26 February 1976) has led 
to a ban on most commercial fishing in the Hudson River as of 26 
February 1Q7·) (I) NYCRa. Section 12.19) and advice to sports fishermen 
to restrict the intake by individuals of fish from the Hudson to no 
more than one meal per week. Regulations promulgated by the U.S. En
vironmental Protection Agency (42 FR 6532, 2 February 1977; 40 CFR 
129.105) now prohibit the discharge of polychlorinated biphenyls in 
liquid effl~ents from plants that manufacture these compounds or 
electrical equipment (transformers and capacitors). Nonetheless, 
substantial quantities of polychlorinated biphenyls remain in the 
river, and studies are underway to assess the severity of the problem 
and the means available to remove and dispose of the compounds (Kopp, 
1977). There are presently no estimates of how soon the ban on 
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ca..ercial fishing might -be partially or totally lifted or when 
residual quantities of polychlorinated biphenyls in the river might 
be subst.nti.lly reduced. 

2.38 The w.ste· heat rejected by steam electric generating 
f.cilities on the Bud.oo River e.tu.ry constitutes the l.rgest co.
pon.nt of the .rtifici.l th.mal load iaposed on the river (Rational 
Ca.ails t'Jll on Vater Qu.lity, 1976). Pield survey •• nd nUll.rical 

~
~lations (Ch.pt.r 4 .nd Appendix B) indic.te that the teaper.ture 

of the river i. incr •••• d. both locally in the vicinity of the power 
plant .nd in cert.in portions of the estuary as a result of c~u-
1atbe effects. 

Salinity 

2.39 The Hudson River waters are lenerally characterized as 
fresh in the estu.ry .outh of Troy, beco.ing brackish below 
Poughkeepsie and saline below Peekskill (U.S. Department of the 
Interior, 1972). As previously discussed, the gradation in salinity 
reflect. the intrusion of oceanic waters into the estuary. 

Ab.tement of Wat.rborne Discharle. 

2.40 The anticip.ted reduction in point .ource loads under 
succeedina abat_at levels required by the Federal Water Pollution 
Control Act A.en~nt. of 1972 (PL 92-500) will largely alleviate 
.. ny of the current water quality shortcoaings in the lower Hudson 
River (Rational Caa.i •• ion on Water Quality. 1976). The law stipu
lates that conta-inants in the liquid efflu.nt. fro. plants in MOst 
.ajor industri.l c.tegories be reduced to levels that reflect the 
application of the "be.t practicable control technology currently 
available" by 1 July 1977 and the "best available technology eco
nomic.lly achievable" by 1 July 1983. Municipal sewage diecharges 
must "receive secondary treatment by 1977 and best practicable treat
ment by 1983. The ultLaate goal is to eliminate the discharge of all 
pollutants into navig.ble waterways by 1985. 

2.41 Projection. (Rational Coaaission on Water Quality, 1976) 
indicate that iapleaentation of the 1977 requirements (application of 
best practic.ble technology) will result in large iaprovements in the 
dissolved oxygen lev.1I in the Rew York harbor lirea. . Rear Albany I 
second treat .. nt of municipal wastes would not be sufficient to main
tain the level of dis.olved oxygen above 4.0 milligrams per liter 
during period. of extremely low flow. In midestuary (above Haver
straw Bay and below Catskill), the 1977 requirements are expected to 
produce only small improvement .... i.n dissolved oxygen levels. 
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2.42 Point sources are the major contributors of nutient levels 
in the lower Hudson River. Nonpoint sources, because of limited ag-
riculture in the basin, make relatively minor contributions (National 
Commission on Water Quality, 1976). Projections indicate that the 
1977 and 1983 requirements will have little effect on nutrien~ levels 
in river waters. On the other hand, the elimination of all point 
discharges would reduce the nutrient concentrations to low values, 
estimated to be 10 to 20 percent of those currently prevailing 
(National Commission on Water Quality, 1976). 

2.43 Closed cycle cooling systems, assuming these are installJd Q~ ~ 
at all eligible generating stations under the 1983 requirements, ,(; ._~-1 
would substantially reduce the artificial thermal load on the lower ~. 
Hudson River (Section 4 and Appendix E). 

2.44 The 1977 requirement for second'ary treatment of m~nicipal 
waters is expected to result in a drastic reduction of coliform bac
teria in the Hudson River. Waters would meet water quality standards 
applicable to swimming along the entire estuary except perhaps during 
periods following heavy downpours. The 1983 and 1985 requirements 
could lead to further reductions, but it appears doubtful that counts 
lower than 100 to 200 cells per 100 mil1ilte~s will be attained due 
to the subst4ntive contributions of nonpoint sources (National Com
mission Water Quality, 1976). Concentrations of heavy metals are ex
pected to be reduced only slightly by the 1977 and 1983 requirements, 
since industrial discharges represent relativley lti.HdY· S()urces of 
these contaminants in comparison to storm water runoff in urban areas 
(National Commission on Water Quality, 1976). 

Air Quality 

2.45 The Hudson River estuary lies within two Air Quality 
Control Regions (AQCRs) established by the u.s. Environmental 
Protection Agency (40 CFR 8t). These regions, outlined in Figure 
2-8, are the New York-New Jersey-Connecticut Interstate Region and 
the Hudson Valley Intrastate Region. Air quality within each region 
is characterized by the u.s. Environmental Protection Agency in 
accordance with measured concentrations of sulfur oxides, particulate 
matter, carbon monoxide, nitrogen dioxide and photochemical oxidants. 
The numerical criteria given in Table 2-4 provide a basis for classi
fying a particular region with respect to each of these pollutants. 
A Class I designation denotes the lowest level of air quality, Class 
III the highest. The New York-New Jersey-Connecticut Region is 
currently characterized as Class I with respect to all five cate
gories of pollutants. The Hudson Valley Intrastate Region is char
actl,!l',"-i.zed as Class I for particulate matter, Class II for sulfur 
oxides and Class 
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TABU 2-4 

POLL1J'fAIIT LIVILS rOR DlTIIKlNING 
AIR QUALITY OORTROL REGION CLASSIrICATIONS 

POLLUTANT 

Sulfur oxides 
Annual arithmetic mean 
24-hour maximua 
3-hour maximwl 

Particulate matter 
Annual geometric mean 
24-hour maximua 

Carbon monoxide 
1-hour maximum 
8-hour maximum 

1 

> 100 lJl/.3 

> 455 lJS/.S 

> 95 lJg/m3 

> 325 lJg/.3 

Nitrogen dioxide 
Annual arithmetic mean > 110 lJg/m3 

Photochemical oxidants 
1-hour maximum 

CLASS or UGIOR 
II 

60-100 lJg/m3 
266-455 lJg/.S 

> 1300 lJg/m3 

60-95 lJg/m3 
150-325 lJg/m3 

III 

« 60 lJg/m3 

« 260 lJg/m3 

« 1300 lJg/m3 

« 60 lJg/m3 

« 150 lJg/m3 

< 55 mg/m3 

.c; 14 mg/m3 

< 195 lJg/m3 

lJg/m3 - micrograms per cubic meter; ag/.3 - mi11igr8ll8 per meter. 

Sourc~: 40 CPR 51.3. 
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II for nitrogen oxides, carbon monoxide and photocheaical oxidants 
(U.S. Environmental Protection Agency, 1974). It .. y be well to note 
that the above classification sJst .. i,based on data recorded at 
monitoring .tation. and, therefore, is limited in it. representation 
of air quality withiQitla.,e.tireregioa. , .... i •• t concentrations of 
pollutants could be above' or below those ·i..,Ued, b,th ... c!hl:ltd.fica
tion in isolated localities in the region. 

2.46 In additioa 'to~the designation of Air Quality Control.le
gions, 'ederal regulations provide for the delineations of Air Qual
ity Maintenance Areas (AQMAa) or areas witbin which violations of' 
Federal ambient air quality standards can be expected over the decade 
between 1974 and 1984. '!'be Budsonaiver estual'Y ,overlap. three such 
areas--the lIew YH"k-lfe. Jersey-Co1Ulecticut (coextensive with t.he Air 
Quality Control 18.190), the Mid-Hudson (extending up the valley to 
encaapass Greene and Colu.bia Counties) arid the Capital Diet.rict (the 
northern end of the study area) Air Quality Maintenance Are ... 

2.47 The State of lew York bas promulgated standards applicable 
to ambient air quality over tbe State, in accordance with provisions 
of the Clean Air Act. A sum.ary of these standards togetberwith 
Federal Ambient air quality standar~s (40 Cr.R 50) i. given in Table 
2-5. An extensive network of continuou. and .. nual airquali·ty IIlOn
itoring systems is .. intained throughout the state by the Department 
of Enviroamental CODlervation, Bureau of Air Quality SurveiUance 
(llew York State Depart .. nt of EnvlroD~ntal Con.ervation, 1976). In 
addition, .onitoring systems in the Jew York City area and on Long 
Island are .. intained, respectively, by the lIew York City Depart_nt 
of Air Resources and the Long Island Lighting Company (llew ~ork State 
Department of Environmental Conservation, 1976). 

2.48 .Air quaUey tbrough the Scate of lie" York ,continues to 
show general improv_nt (Rev York State Departllent of Environaental 
Con.ervation, 1976). Since 1970, there hal been a fairly cODsistent 
reduction in .ulfur dioxide level. at .ost continuous air monitoring 
stations, with, for the fir.t tiae in 1975, no station recording any 
excesses over ambient .tandard. for .ulfur dioxide. Sub.tantial de
clines in annual average values of sulfur dioxide concentrations have 
been noted at several continuous monitoring station. in the state, a 
number of them within or near the .tudy area. Among these, the 
Roosevelt Island Monitor in the lIew York city area hal .hown the 
largest decline in the .tate--areduction of 73 percent between 1970 
and 1975. Lesser reductions have been Ma.ured at King.ton (55 per
cent), ReQ8~Al~er (30 percent) and Eiseahower Park on Long Island (40 
percent). The running annual averages of sulfur dioxide concentra
tions .hown in Figure 2-9 illustrate the declining trends in measured 
concentrations where these have been most pronounced in the State of 
New York. -
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TABLE 2-5 

SU!lfARY OF SELECTED NEW YORK STATE 
AND FEDERAL AMBIENT AIR QUALITY STANDARDS 

Sulfur 
Dioxide 

AfiiiGtiIG 
PUlOD StATISTIC 

12 co .. ecutive Aritbaetic.aan 
.nata of 24-hour everqe 

ccmceDtratiolltl 

24 houra3 Ma1a_~ 

3 houraS Maia_ 

Total 12 conaecutive 
I 

G_tric ... n 
Suapanded .anthe 
Particulatea 

24 houra 

30 daya6 

90 daya6 

of 24-hour aver .. e 
concentrati01la 

Maia_ 

Arit~tic ... n 
of 24-hour average 
concentratione 

Arithaatic _an 
of 24-hour aver .. e 
conceotratlol1t1 

AritJ.-tic _an 
of 24-bour averaae 
concentratione 

0.03 

0.14 

0.5 

lIitroaan 
Dioxide 

12 conaecutive Arithaetic _an 0.05 
_the of 24-hour aver .. e 

ccmceDtratiOll8 

80 

45 
55 
65 
75 

250 

80 
100 
115 
135 

70 
85 
95 

115 

65 
80 
90 

105 

100 

All 

All 

All 

I 
II 

III 
III 

All 

I 
II 

III 
IV 

I 
II 

III 
IV 

1 
11 

III 
IV 

All 

FBDBJW. 
PUlWtY 
STAllD.UDS 

0.03 80 

0.14 365 

75 

260 

0.05 100 

0.5 

60 

150 

0.05 100 

fpm - perU par aJ.llioo by vol_; 1l1'a' - aicroar __ par cubic .. ter 
New york St,te &lao baa etandarda for carbon aonaKide. photoch .. ical oxidante. hydrocarbona (nonaathane). 

berylli_. fluorid_. hydroaen aufllde and aettleable particulatee (duatfall). Standarda apply at a 
reference t.aparature of 2S·C and reference pruaure of 760 ailliaetera of aercury. 

21n effect IIarch 1977. 
3Alao cluriaa _y 12 _ecutive _the. 99 parcaDt of the valuee are not to axceed 0.10 ppm in New York State. 
~ All aazt.a ~_ are val_ DOt to be axceeded .ara than ODce a year. 
5Alao cIuriaa any 12 conaacutive _the. 99 percent of the valuea are Dot to axceed 0.25 ppm in ~ew York State. 
6Por anfor_t anly. 
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2.49 leadioal of lulfur dioxide 'concentrationl from the .. DUal 
.onitorina Itationa throuabout the Itate aenerally corroborate the 
fiDdinal of the continuoul .onitorinl Itationl (Rev York State De
part .. nt of Enviroa.8ntal Conlervation, 1976). The annual arithaetic 
.. ani of sulfur dioxide concentrationl reported ~1 .. nual aonitoring 
stationl vithin the study area (excludinl W.w York City and the Rev 
Jerley countiel) for the yearl 1973, 1974 and 1975 are given in Table 
2-6. Rone of the reported aealureaentl in 1975 exceedl the Federal 
aDdltate .abient air quality Itandardl of 0.03 partl per .illion, 
annual arith .. tic .. ani. lelatively high valuel are reported in the 
Albany area, Kinaltou, 'ouahkeeplie and the coaltal and louthern 
portioDl of Veltchelter County. Stationl in lockland County show 
la.e of the lowelt valuel recorded in the Itudy area. 

2.50 Oblervations of total IUlpended particulate concentrationl 
recorded in 1973, 1q74. Atl(1 1975 at .. nual .,nitorina Itationl vithin 
the Itudy area (excludina Rev York City and the He" .J~r"'ey counties) 
are shoWD in Table 2-1~ !be data indicate a generally improving or 
Itable lituation, vith all Itations except two in the Albany area re
porting annual geometric .. an concentrationl belov the Federal and 
state standardl of 75 .icrograas per cubic meter. While the informa
tion prelented in Table 2-7 is inadequate to establt"h ~tlttistically 
I~ificant trends, it .. y be noted that only 7 of the 43 sites re
porting fail to shov .oRotonically decrealing values from 1973 to 
1975. 

2.51 Fraa-entary field data OR airborne cont .. inants other than 
lulfur dioxide and total IUlpanded particulatel have been collected 
(Rev York Depart.ent of Enviroa.ental Conlervation, 1976). Wbere an
alYlil of the available data is pOlsible (New York Department of En
virOlllental Conservati'Hl, 1976), there are no indications that air 
quality il deterioratiaa in the Itudy area. Instancel of violations 
of Federal and Itate .. bient air quality Itandards are generally le8s 
frequent in the data reported in 1975 than in previous years. 
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TABLE 2-6 

ANNUAL AIlITBMBTIC MEAN CONCENTRATIONS OF SULFUR DIOXmE 
IR THE STUDY ARIA FOR 1973 TBBOUGH 19.75 (p~) 

r 

STATION (STATIOM' NO.) 1973 1974 1975 . , 

Albany County 
Albany' (03) . 0.021 0.018 0.017 
Albany (08) 0.030 0.033 
Albany (13) 0.021 
Cohoes (01) 0 .. 014 .,0.011 

Rensselaer County 
Troy (02) 0.008 0.007 

Greene COunty NO DATA AVAILABLE 

Columbia' County' 
Hudson (02) 0.006 0.006 
Philmont (02) 0.006 0.006. 

Ulster County 
Kingston (09) 0.011 

DutcheSs CoUlity 
Poughkeeplie (04) 0.012 0.017 ' 
Fishldl-l (01) 0.009 
La Grange' (61) . 0.009 0.007 

Orange County NO DATA AVAILABLE 

Putnam County NO DATA AVAILABLE 

Rockland County 
West Haverstraw (01) 0.005 0.,007 0.006 
Nyack (04) 0.007 0.008 0.006 
Clarkstown (03) 0.002 0.005 0.003 

Westchester County 
White Plains (01) 0.011 0.014 0.012 
Mount Vernon (04) 0.016 0.016 
Port Chester (02) 0.010 0.011 0.012 
Mamaroneck (01) 0.012 0.014 0.013 
Greenburg (01) 0.010 0.009 0.007 
Mount Pleasant (02) 0.008 0.010 0.008 
Somers (02) 0.006 0.007 0.008 

Both Federal and state ambient air quality standards are 0.03 parts 
per million, annual arithmetic mean. 

Source: New York State Department of Environmental Conservation, 1976. 
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TABLE 2-7 

ANNUAL GEOMETRIC MEAN CONCENTRATIONS OP TOTAL SUSPENDED PARTICULATE 
IR THE STUDY AHA lOa 1973 TBllOUGB 1975 (ps/1ll3) 

STATION (STATION NO.) 1973 1974 1975 

4lbay Cowlty 
Albally (02) 110 95 79 
Albally (03) 57 51 50 
Albany (10) 102 76 75 
Albany (13) 93 69 66 
eoeJlUlle (01) 61 44 41 
Coe,.ane (02) 53 52 42 
Colonie (03) 55 51 52 

Ileueelaer County 
..... laer (02) 74 62 54 
Troy (02) 55 53 46 
c.etleton (01) 34 39 39 
Grafton (01) 30 28 30 

Greene County 
C.tekill (02) 107 101 64 

Colu.bia ColIDty 
lIud_ (02) 56 58 47 
Pbi~t (02) 29 28 29 
c._town (01) 51 46 39 

U1eter County 
noa-too (04) 69 79 56 
.. Pa1ty (01) 57 61 48 
Illenvi1le (02) 41 43 32 
Sauaertiee (01) 70 46 43 
Slunranlunk (02) 50 40 31 

Dutcbe.. CoUllty 
POUJhbepe1e (04) 48 58 56 
IhtDellec:k (02) 46 41 40 
La Grenae (01) :i7 3. 30 

Orena_ County 
Rnburab (02) 84 73 65 

Putnu Count, 
41 ar-tH (01) 51 49 

Ioc:ItlancI Count, 

We.t IIaventrav (01) 47 49 48 
Suffern (06) 56 53 48 
C1uUt_ (01) SO 44 37 
Or ..... burl (01) 54 52 46 

W .. tcbaater CaUllty 
P .. 1te1tU1 (01) 65 76 60 
White Plataa (01) 57 55 50 
Mt. Vernoa (04) 71 54 50 
!lev Ioc:helle (02) 64 58 59 
oaeintnl (01) 44 59 46 
Port Cbeeter (02) 51 57 42 
aye (01) 58 59 64 
~roD8Ck (V) (01) 51 50 48 
Iortb Tar1rJl- (01) 46 53 44 

Gr-uurilla 59 61 55 
.... rauek (T) (01) 60 59 52. 
lit. P1_t (02) 40 45 42 
SaMra (02) 36 36 34 

York~ (02) l2 37 33 

Both '.ere1 aDd etate ... 1eIIt air ,.lit, et&adarde are 75 II1crosr_ 
per _ter ...... 1 .-eric .... 

Source: New York State Depart~t of In91roa.eata1 Coneervet{on. 1976. 
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BIOLOGICAL RlSOUlClS 

2.52 Th. biolo,ical r •• ourc.'of the Bud.on aiver valley are 
extenaiv. and "ariecl.·!wn, •• ,'.l .oo.,.t ... , ... c;l"eI.,up'~ael foreata, 
old-field and •• c ... r..,.IF .... it' ..... l'~c;ultwal_~ad., anel .ub-
urban and urben ... iroa.eat •• -Ioth fr •• hwater and .. rine wetland 
communi tie. ar. found. . Aquatic eoo".t... i~luel ... rine eco.y.t ... 
at the .oatb of the ri".r ~ ... York, _cliUIL.aad low-.alinitY eco-
8Y8teD8 in the lower aDel .mdell ••• tuary. and fre.h.at.r .co.y.tema in 
the upper e.tuary. 

Upland Ico.y.t ... 

2.53 The Bud.on aiv.r Vall., .oatb of Troy. R.v York. lies 
within tbe Oak-Ch •• taut For •• t .. ,ion (Braun. 1950; Shelford. 1963). 
The che8tnut ha. ,radually di.appeared vith the .pr.ad of the chest
nut blight and ba. be.n r.placed by .evera1 .pecies of oak. and 
hickories. 

2.54 Becau •• the Bud.on aiv.r Vall.y ha. b.en ext.naively 
utilized by .. n for a~.t three oenturi •• , ".t and pr ••• nt land use 
largely deter.in.. the type of v.,.tation that nov exi.t.. Rearly 
all of the fore.t laDelha. beea cut .or. than onc.. Since the peak 
of agricultural activiti •• in the 1880 •• .uch land ha. rev.rted to 
forest throuah natural.acc ••• ion. Becau.e of the mixture of .econd 
growth fore.t, a,ricultural, and open land. the predoainantan~ls 
are white tailed de.r. rabbit ••• kunk •• opo .... , raccoon., squirrels, 
red and gray fox and ruffl.d arouee that adapt to tbi. type of 
habitat. 

2.55 Ob.ervation. of the upland v.getation of the Bowline 
Point area prior to cODitruction of the Bovline Generating Station 
are 8ketchy. At tb. t~ of a .it. vi.it in lov •• b.r 1976, willows 
were ob.erved to b. 0 .. of the do.inant tr •••• vith blaclt a.b, elm, 
and red .. ple a1lo c~n. Ani .. l. of the ·'ar.a have notb •• n .ur
veyed. Communiti.. in the ar.a are likely to be made up of those 
species typically a •• ociated with the aixtur. of urban land, old 
field communitie., tidal and nontidal wetlands, and second growth 
woodlands that exi.t. 

Wetland Ico.y.t ... 

2.56 Th. tidal wetland. of tb. Bud.on liver Valley .outh of 
Troy consi.t of fr •• h.at.r .. r.h.. in tb. aorthern portion and 
mar8hel adapt.d to the conclition. of aod.rat •• alinity ia the south
ern portion. Fr •• hvat.r tidal .. r.hlaDel. found north of Hile Point 
60 to 65 typically have hilb'r diy.r,ity of fi.h .peci.s and are 
important ae.tin,. r •• ting and f.eding are.. for ai,ratin, waterfowl 
(Kiviat. 1973). S~ilarly • .ad.rat •• alinity wetland8 are known 
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to be highly productive and to support a very diverse fauna of fi8h, 
invertebrate8, and 8ea80nally migrating waterfowl. 

2.57 The abundance of sa.e plants found in six tidal wetlands 
of the oligohaline Haverstraw Bay vicinity (Piaure 2-10) 8urveyed in 
1972 are coapared in Table 2-8 (Lawler, Matu.ky and .~elly, 1975). 
Description of the .. rshe. in the vicinit)' (Jft~ Bowline Point (Pig
ure 2-11 and Table 2-9) prior to the constraetioa of the power plant 
(Poley and Tabor, 1951; lev York State Con8ervatlon Depart.ent, 1972) 
indicate8 that these .. rshes are sLailar to oth.r aarshe8 in the 
Haverstraw Bay area. 

Aquatic Bcosyste.. of the Hudson River B.tuary 

2.58 The ecosy8teo of the Hud80n River estuary rallie frOlll 
high salinity areas at the mouth of the river at ... York City to the 
freshwater ecosysteas of the upper estuary north o'f Mile Point 65. 
In between are the mid to low-salinity ec08yst... of the lower e8tu
ary and the oligohaline areas, including the lIaVerstraw Bay region, , 
that experience freshwater conditions during theperiod8 of high 
fre8hwater flow in winter and spring ,«nd low 8"aliatt:Y"condition8 dur
ing 8Umler and fall when freshwater flow is lOve,t.Si.piified dia
gr.s of the upriver freshwater eco.fst_ and t~ dOVDT·l:ver 8aline 
ec08ystea are given in Pilure. 2-12 .nd 2-13. In the'eltuary the 
dOilinant primary producer. are 'PhytoPlaDkton. Grasing on phytoplank-

\........./ ton are the zooplankton and other inv.rt·.brat.s, which, in turn, 
8erve a8 food for fish and other con .... r ota,ni.... An iaportant 
feature of the estuary is tbe'iil.'tmal spawning' aoveaent of DUlny fish 
species into and out of the river. 

Phytoplankton 

2.59 Strong seasonal changes in 8pecie8 coap08iton occur 
throughout the Hudson estuary, ·· ... ith 'diatOlflil doeinating during colder 
months and areen and blue-green a11ae doaibating during the warmest 
IDOnth8. Tvo peak8 of sea.o~aJ abundanc,e ~ave been noted in many 
8tudies, u8ually in April to .tuly and again··loa October to Deceaber. 

2.60 Differences in th.'dOlllinant diatoa type have been 
ob8erved in the aid- and lover .e.t .. ary. Centric diat01l8 are 1IOst 
abundant near the mouth of the estuary' i. high salinity areas. Domi
nance is 8hared by centric and pennate'diat01l8 in the mid-salinity 
reaches of the lower estuary. vhile pennates are generally the mo8t 
abundant in the oligohaline pqrti~. of, the .• iddle e.tuary, including 
the Bowline Point area. Becau.e .iliul'ty tolerftee' 'Varie .. iIIichlg phy
toplankton species. co..unity dOlllinance changes at Bowline Point 
8ea80nally with 8alinity. 
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TABLE 2-8 
RELATIVE ABUNDANCE IN 1972 OF S<ItE PLANTS IN SIX MARSHES 

ALONG THE HUDSON RIVER 

sncus P1~ CIO'IOII MiIifij 1M iIiimU COIISTITUTIOB 

IIIIOCOT'fIDoIIs 
Gr_in!!! (Gr ..... ) 

Pbra.t •• co PU Jam mE mE a. It mE 
s,.niDa altemifiora ltD mE It 

!. C7IlO-ide. :am It It 

!. ,.ta. lID mE 
!. pectiData It It 

DiaticbU. !pleata mill mE 
ZiADia aquatlea x mE X :am 
IcbiDoc:bloa walted 7 a mE mE 

., 
mE 

Laereia oryaoiclu 1 mE mE 

Ctperac... (Sad ... ) 
Selma robut ... mE It 

S. aer1eaDu mE mE mE It X x 
s. fluviatUia mE It It 

i. olD.yi It mE x Jam mE mE 
s. val1d118 mE It It X mE 

~r118 odo~ 1 mE mE , 1 1 
.r18;a 7 U 7 , 7 T 

JUDUC ... (Ruabe.) 
~ Ierardi U xt 

Other MoDoc:ote 
""""!i:ie auMtifolia Jam Jam Jam Jam Jam Jam 

'f. latifolia x It x U x 
i~pmula 7 mE 7 ., 
~nnmiu U a Jam Jam Jam Jam 
Poet_ria cordata , • • U T U-Jam 

DlCO'fI1.BDCIIS ·--I .. f Llluop.u lJaaata mE U , 7 , 7 
1ft fnt_ a 
so~ •• :r.:gnr.u a-a 
At plp • .7 
Pt1lt.tUa upUJ.ac.. x mE 
L$rua eu.,.rla mE U U mE mE U 
!!H pal .. tru , x x It X mE 
~D!!!!!!! 7 It It It • U 
K1)1ac:ua p!lwtria a U • • 7 U 

IwU-. 1tf'!!!tij!!!\jr S X U U It U 

• X It It It C!!!MtJ •• 
.!I!H~ mE It 

:!::::'.l' mE U • 1 U 
x 1 U mE It U 

!. pupetata mE U mE mE U 

PrDIDOPIltTIS (lena) 
'lI!!l!ptaria t:tIrru mE • mE Jam mill xu 
0Ia0claa... • 1 s mE mE U U 
oauadue n,lij f x U mE U 

ley: It .1nc~ 
U • occ.d •• ' to _ 
Jam • wry ~ or larae'tt... 

• not pn...t 
T • q ... ttaaable ~ti'1catioD 

Source: Lawler. Jlat .. 1ty and Re1ly. JUD. 1'75. 
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TABLE 2-9 

VEGETATION OF THE GlASSY POINT MARSH 

AREA STUDIED VEGETATION ABUNDANT CCHI)N UNCOMMON 

North End of Present Arrow arum x 
Property Common cattail x 

Narrow-leaved cattail x 
Sweet flag x 
Water hemp x 
COIDOn jewelweed x 
Purple loosestrife x 
Swamp mallow x 
Water parsnip x 
Pickerelweed x 
Common duck potato x 
Wild rice x 
Swamp smartweed x 

Open Marsh Under COIDIlOn cattail x 
Present Site Reed grass x 

Common jewelweed x 
Purple loosestrife x 

Edge of Bowline Pond Wild celery x 
- NE Sago pondweed x 

Common waterweed x 
Reed grass x 
Common jewelweed x 

Edge of Bowline Pond Common coonta1l x 
(west) Lesser bushy pondweed x 

Sag~ pondweed x 

Source: Foley and Taber, 1951. 
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FIGURE 2-12 

SIMPLIFIED TROPHIC MODEL FOR THE HUDSON RIVER AT THE PROPOSED 
GREENE COUNTY NUCLEAR POWER PLANT SITE 
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2.61 Total phytoplankton abundance tends to increaae upatre .. 
frOD the .auth of the eltuaxy. The laraeat atandina Itock of phyto-

Clankton (measured as chlorOphyll a and c) often occura between the 
Georae Waahinaton Bridae and Oilinina durina the ap~iaa~au.aer pulae 
of abundance. 

Zooplankton 

2.62 Tbe zooplankt~ co.munity in the Budson aiver eatuary is 
divided into the m1crozooplankton luch al copepoda, protozoana and 
rotiferl, and the .. crozooplanktqa such al aaphipoda and isopodl. 
The community includes thoae a~iel luch al copepoda that live their 
entire life cycle aa plankton (.oloplankton) and the plaaktoaic 
larval forml of lpeciel (pr~tily benthic oraanil") whoae adult 
tom is nonplanktonic ( .. ropt.Dltton). 

2.63 Distribution of.pecies alona the lenath of the eatuary 
varies with salinity.. Mixtures of marine and salinity-tolerant 
freshwater Ipeciea are c~n in the salin_ and brackish water por
tions of the estuary. Marlne or brackish .ater oraanis .. are rare in 

. the freshwater portionl of'the eltuary. A few Ipecies luch al ·the 
_phipod G .... rus are c~n in all parts of the estuary. 

2.64 Copepods.~ aenerally the dominant zooplankton apecies 
in the low salinity po~tJons of the estuary, with cyclopoid foraa 
.alt numerous in the wiater and and calanoid forma in the lummer. In 
"the frelhwater portionl of tlleeltuary, limited data "sulleat that 
Cladacerans (especially the Leptodoridae) are dominant durina the 
lummer monthl and copepoda durina the winter and Iprina. Rotifers 
are moderately abundant aDd .ay at times become numerically do.inant 
over copepods (exclusive of copepod nauplii). 

2.65 Zooplankton are ~st abundant durina the late sprinl and 
summer in the low lalinity poiti;on of the eltuary. So_tiMl a s .. l
ler fall aaxiaum will occur~ Data for one year from the eatuary 
north of Saulerties suaaestl that the salle pattern .. ay occur. in the 
freshwater portion of the eltuary also. 

2.66 Zooplankton in the estuary tend to exhibit daily verti
cal lIiaration, beina most abundant in deep water durin, the day. 
Surface abundance increases Ireatly at night. Vertical aiaration il 
less evident amona aicrozooplankton forms. 

Benthic Aniaala 

2.67 The salinity aradient within the Hudlon aiver estuary is 
important in determinina the coaposition of the benthic community at 
any point within the estuary (aistich et al., 1977). Marine 
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organisms adapted to relatively stable salinity conditions are re
stricted to a narrow portion of the estuary near the mouth. Fresh
water species gradually disappear as the salinity increases down
stream in the estuary. The oligohaline zone exhibits the lowest 
species diversity because of the rapid changes in salinity experi
enced as freshwater flow increases and decreases in response to 
seasonal rainfall patterns. 

2';68 orgauIi .. are IlOst abundant in suumer and early fall 
when reproductioti 1188 occurred. Biomass is greatest in fall after 
some growth of .maller individuals has occurred. 

2.69 In the midsalinity zone, benthic community structure was 
initially thought to be constant from year to year (Lawler, Matusky 
and Skelly, 1915a). However, recent studies have shown the yearly as 
well as seasonal variation expected to occur in normal benthic commu
nities (Orange and Rockland, 1917). The isopod Cyathura polita is 
widespread, indicating low levels of pollution. Organisms character
istic of higher salinities become more prevalent in late summer and 
early fall when freshwater flow is lowest. The dominant organisms 
are annelid worms with oligochaetes more prevalent in lower salini
ties upstream and polychaetes more abundant toward the estuary mouth. 
However, at tLDes the gastropod Amnicola becomes dominant in the be
nthic community (Orange and Rockland, 1977). Benthic organisms are 
used by many species of fish as a food resource, depending on the 
fish species, size, and time of year. The amphipod Gammarus, various 
copepods, and dipterans are known to constitute a substantial portion 
of the food resource used by Hudson River fishes (Orange and Rock
land, 1977). 

2.70 The benthic community of the oligohaline zone has been 
studied most extensively in the Newburgh Bay area. Dominant benthic 
organisms were oligochaete worms and dipterans (insects). Numbers 
are greatest in spring and least in fall, except for dipterans, which 
are most abundant in winter and least abundant during spring. Com
munity structure has been similar over the years studied, with year
to-year sLailarity greatest during spring and least during fall. The 
major fish food is the amphipod, G .... rus. 

2.71 In the freshwater zone, oligochaetes and dipterans are 
the dominant forms. Biomass patterns are seasonal and generally re-" 
lated to various life cycles. 

2.72 "Many studies have shown the importance of benthic organ
isms in the diet of fish. McFadden (1977) reported that juvenile 
fish in the Hudson River prey upon copepods, cladocerans, amphipods, 
insect larvae, polychaetes, mysids, crabs, and ostracods. Adult fish 
consume amphipode, insect larvae, isopods, polychaetes, copepods, 
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chironomid larvae, and 8hriap. The U8e of food re8ource. by fi8h 
varies with sea.oa. and availability of partic:ular food it .... 

Fi8h BII., Larvae; and Adult. 

2.73 The major aiaratory fish utilizina the Hud.on liver 
estuary are ,the 8triPed,ba,~s (Horone,8U8tilis), ~an 8had (Al08a J ...... :.~_L 
8a idi88· ' ). blueback herrina (Alb •• · ... tl •• li8) t~~~~oac~ ~ ~ 
Micr08radu8 toliacod). aleWife, (Al0 •• ·:e.iudo~tr:r.)' .ii~di_,. L 

eel (Anguilla r08trata). White perch .CX;rou' ricana) i8an .~ 
u-portont ro.id.nt .peci •• with •••• onel .. veoent. in the •• tuory. ~ 
Except for the eel,the8e ip~~ie8 ut~lize the e.tuary for ~p8WDina 
and a8 a nursery area for their youna. The'aiaratory .pec1e8 u8ually 
spend their adult life in the down.tre., biah-.alinity portion. of 
the estuary Or in the ott.hore coa8tal ;at.r., IIOvina into; the middle 
and upper estuary to 8pawn. Sua.ary life hi8torie. of the .. jor 
migratory fishes of the Hudson River are given in Appendix D. 

2.74 Infot1l&tion on the general spawning period. of several 
species and their geueral 8p~ina zQnes is ..... rized in Figure. 
2-14 and 2-15. Alt~oU&h~ot listed in the fiaures, bay anchovy is an 
important species spa,",ina in the .i ..... linity areas of the lover 
estuary as well a •• aline waters aloDI the Atlantic coast (Orange and 
Rockland.' 1977). Most 8pecie8 are 8prina and sUlllller spawners and 
utilize the fre8hwater portion of the e8tuary. 

2.75 Yolk sac and p08t-yolk 8ac larval stage8 of these 8pe
cies move down8tream at variable rate8 into the oligohaline zone of 
the salt front. . As growth continue8 and the juveniles obtain mobil
ity again8t the current8, the d~'tre .. mov*-ent continue. and sev
eral species (e8pecially striped bass) exhibit strong movement to 
shallow and shoal area8. 

2.76 By late fall most young and adults have moved to the 
lower estuary. Many adults.ave into the Atlantic coa8tal waters 
during the winter. Young striped bass and some adults .. y overwinter 
in the lower Hudson liver estuary. 

Fisbery Resources 

2.77 The commercial fishery in.the Hudson liver estuary is 
generally confined to the lower river between Tappan Zee and Croton
Haverstraw Bay (about Mile Poi~ts 25 ·to 40). So.e commercial fisbing 
also takes place in the upper river from about Mile Point 70 to 120, 
where the prLaary species of value are the American shad and striped 
bass. The lower river fishery i. primarily for shad, but striped 
bass, Atlantic sturgeon, white perch, and Atlantic tomcod are also 

~? 
l 
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collected. The fishing season is confined to the spring during the 
adult spawning runs. 

2.78 Displayed in Figures 2-16 and 2-17 are historical trends 
through 1975 of Hudson River commercial landings of shad, striped 
bass, and alewives. While the landing statistics may vary with the 
intensity of fishing effort and lack precise location of capture, 
they provide long-term historical records. 

2.79 Sport fishing is also an important use of the Hudson 
River's fishery relource. In 1970, the weight of the sport catch in 
the North Atlantic region (including New York) was 45,844,000 pounds 
(Deuel, 1973), compared to the commercial catch in the New England 
Region plus New York State of 2,780,000 pounds (U.S. Department of 
Commerce, 1971). However, only a portion of the North Atlantic stock 

~liS dependent on the Hudson River for spawning and nursery grounds. 

& 
~ Striped bass spawned in the Hudson River appear to make a substantial 

~ Atlantic (see Table 4-34), although presently the bulk of striped ~
~ J contribution (up to 30 percent) to the fishing stocks in the North 

\....,..-, 

bass appear to originate in the Chesapeake Bay. 

Endangered or Threatened Species 

2.80 Protected animals that are resident, ektirpated, or ex
tinct in New York State are listed in Table 2-10. In addition, all 
species of wildlife and plants listed by the U.S. Department of the 
Interior, Fish and Wildlife Service as threatened or endangered (41 
FR 43340) are also considered as threatened or endangered in New York 
State (NYCRR Section 182.1, Title 6). However, most of these species 
are not indigenous to the state. 

2.81 Two endangered or threatened species that potentially 
could be most affected by power plant operations are the shortnose 
and Atlantic sturgeons. Most Atlantic sturgeon present in the Hudson 
River during December'through March are ~ture fish congregating in 
obstacle-strewn deep areas, primarily between Pollepel Island (IM57) 
and George Washington Bridge (RM12) (Figure 2-2). In spring, imma
ture fish move up the river and have been observed as far north as 
Esopus Meadows (RM87). During summer, the immature sturgeon seek 
cooler, deeper waters. The distribution of juvenile Atlantic stur
geon is-largely dependent on water salinity and temperature (Dovel, 
1979). Spawning adults occur in the estuary from April through 
October. Spawning males are at least 12 years of age, weighing 12 
to 105 pounds. The youngest mature female collected to date was 18 
years old and weighed 72 pounds (including 8 pounds of ripe eggs). 
Atlantic sturgeon spawn roughly between RM36 and IMB3 (8ee Figure 
2-2), following the seasonal movement of the salt front upstream from 
May through July. Larvae, post yolk-sac larvae, and juvenile 
Atlantic sturgeon have been found generally south of Kingston (RM90) 
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TABLE 2-10 

ENDANGERED, EXTIRPATED AND EXTINCT WILDLIFE OF NEW YORK STATE 

RESIDENT ENDANGERED SPECIES 

Indiana bat~-' -':' . 
Northern bald eage12 
American ospr~y2 
Bog turtle2 
Shortnose sturgeonl 
Blue pikel 
Longjaw ciscol 
Karner blue butterfly2 
Cjittenango ovate amber snai12 

Myotis sodal18 
Haliaeetus leucocephalus alascanus 
Pandion halieatus-c:aTo11nensis 
Clemmys muhlenbergi 
Acipenser brevirostrum 
Stizostedion vitreum glaucum 
Coregonus alpenae 
Lycaeides melissa samuel is 
Succinea ovalis chittenangoensis 

MIGRANT ENDANGERED SPECIES 

Southern bald eagle 1 
Artic peregrine falconl 

Haliaeetus leucocephalus leucocephalus 
Falco peregrinus tundrius 

~TIRPATED SPECIES 

American peregrine falconl 
Eastern timber wolf l 
Eastern puma or coug~rl 

Elk 
Moose 
Eskimo cur lewl 

Falco peregrinus anatum 
Canis lupus lycaon 
Felis concolQr cougar - possibly 

extinct subspecies 
Cervus canadensis canadensis 
Alces alces americana 
Numenius borealis - possibly extinct 

EXTINCT SPECIES 

Gull Island vole 
Labrador duck 
Heath hen 
Carotina parakeet 
Passenger pigeon 

1 Indicates that the 
Endangered Species 

2 Indicates that the 
Species lists. 

species is 
lists. 

species is 

Microtus nesophilus 
Camptorhynchus labrodorius 
Tympanuchua cupido 
Conuropsis carolinensis 
Ectopistes misratorius 

on the Federal and New York State 

only on the New York State Endangered 

Source: NYCRR Section 182.1, Title 6. 
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during May to July. In the fall, juveniles move into deeper sections 
of the Hudson for over-wintering and adults leave the estuary for the 
winter months. At this ti.e, soae juveniles, 1-6 years of age, eai
grate from the Hudson River moving south along the Atlantic coast to 
other estuaries. There is no recreational fishery for Atlantic stur
geon at present in the Hudson River. Commercial fishing efforts have 
been largely ineffective in the capture of this species. 

2.82 The life history of the shortnose sturgeon is not as 
well known as that of the Atlantic sturgeon. Shortnose sturgeon are 
found throughout the Hudson River south of Albany-Troy (RM150), 
(Dovel, 1979). During the winter, shortnose sturgeon occur in the 
brackish portion of the Hudson, but primarily are found in freshwater 
areas upstream from Kingston (RM90). Mature fish appear to move up
stream in early spring to spawning grounds located between RMl15-135 

~ (see Figure 2-2). There is evidence suggesting that lome fish may 
\ also spawn in the fall. After spawning, spent sturgeon move down

stream into more saline areas, possibly into the Atlantic Ocean for 
an unknown period of ti.e before returning to the Hudson to spawn. 
Larval and juvenile shortnose sturgeon (lesl than 5 em total length) 
have been found in the Hudson River between Germantown (RM101') and 
Coeymans (RM 132). Older young-of-the-year have also been found in 

,-, the vicinity of Rew Baltiaore (RM130). "Tg be sopservative, it should 
r be assumed that the 97 mile area between-Haverstraw Bay (1M~6) iHa 

~"~.' Coeymans (IHIl2) reprelents the nursery area for larval, junveni1e, 
,{~., and young-of-the-year shortnose sturgeon. The popUlation of adult 

L~ shortnose sturgeon in the Hudson is estLaated to be about 6000 fish. 
7 However, this estimate is uncertain because of the low number of 

marked recaptures, and the actual size of the population could range 
from 2000 to 21,000. 

2.83 Certain species of native plants are protected by law in 
Hew York (Hew York Environmental Conservation Law 9-1503), making 
their destruction illegal. These are listed in Table 2-11. Selected 
species of plants fro. the list of endangered and threatened species 
of plants prepared by the Saithsonian Institution (Smithsonian Insti
tution, 1975) are identified in Table 2-12. On the basis of habitat, 
those plants that could be found in the Hudson River drainage basin 
are included in Table 2-12. The whorled pogonia orchid (Isotria 
medeoloides) is the only species that appears as endangered in both 
the Smithsonian Institution's list and the current list of the U.S. 
Department of the Interior. The latter list is constantly being ex
panded. 

Ban on Commercial Fishing in the Hudson River 

2.84 On 7 August 1975, following confirmation of the presence 
of polychlorinated biphenyls (PCB) in the Hudson River, the Hew York 
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TABLE 2-11 

NATIVE PLANTS PROTECTED IN NEW YOlU( STATE 

co.ON NAME 
Green-dragon (Dragonroot) 

Butterfly-waed (Chlgger.flower; 
Cl'ange Milkweed; Plel.l'lsyof'oot) 

BIuebeIl-of-5cotland (Harebell) 

American Bittersweet (waxwork) 

Pipei .... (Prince's-pine; Wax-
flower) Spotted Evergraen 
(Spatted Wintergreen) 

Flowering Dogwood 

S&ntew (Deily-dew; Dewthreed) 

Trailing Arbutus (Ground Laurel; 
Mayflower) 

SCIENTIFIC N~ 
Ariseemll drecontlum 

Asclepies tuberose 

Cempsnule rotumJlfolie 

Ce/estrus scent/ens 

Chlmllphi/e spp. 

Cornus florlde 

Drosere spp. 

Epigeee refNIns 

Buming-bush (Wahoo) Strawberry· EUDn'lmus spp. (Native) 
bush (Bursting-heart) 

All ferns. Including: Adder's-tongue. 
Azolla. Buckhorn. Cliff Brake. 
Cur!v-gr .... Fiddleheads. Hart's
tongue. Maidenhair. Moonwort. 
Polypody. Rock Brake. Salvinia. 
Spleenwort. _Iking-Ieaf. Wallof'ue. Filices.(Fi/icinee; 
water-sPlll1Ale. Wlloodsia. Ophiog'oss./es and 
'ad exclUd1i1ij liiCllen (Pteridium Filic./es) (Native) 

aquilinum): Hay-.centM F.n (Denns-
tetJdtia punctilobule): .... Itl.,. F.n 
(Onoc/e. sensibilis), "Ich .. not 
protected. 

Ague-weed, Blue-bottles. Gentian Gentiena spp. 
(Ga II-of-the-earth) 

Golden Seal (Orang8of'oot; Yellow H'Idrastis ca".densis 
Puccoon) 

Holly (Hulver); Inkberry (Bitter /lex spp. (Native) 
Ga llberry); Winterberrv (Black 
Alder) 

Laurel. Spoonwood (Calico-bush) Kalmia spp. 
"'icky (Lantidll) 

Lily. Turk's-cap Lilium spp. (Native) 

Cardinal-flower (Red Lobelia) Lobelia cerdinalis 

All Clubmosses. including: Bear's- L'Icopodium spp. 
bed (Christmas-green. Running 
Evergreen; (Trai ling Evergreen; 
Ground Pine); Bunch &ergreen; 
Festoon Pine (Coral Evergreen; 
Buckhorn; Staghorn Evergreen; 
Wolf's-claws); Ground Cedar 
(Creeping ~nny); Ground Fir; 
Heath CYJASS 

Bluebell (Roanoke-bells; Tree Mertensill virginicII 
l.tJn9WOrt; Virginia Bluebell; 
Virginia Lungwort; Virginia 
Cowslip) 
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TABLE 2-11 (Concluded) 

C~N~ SCIENTIFIC NAME 
American Bee_1m: O8wego Tea MOfIMdIl didymtl 

(lndlen-heads: ScM'1et ,,"-balm) 

Bayberrv (Cendlebeny) MyrlclI PtlllllllvtmlclI 
Lotus (Lotus Li IV; Neluneo; Nelumbo Iutell 
Pond~uts; water Chinquapin; 
Wonkapin; Yellow LotUS) 

Prickly Fe. (Wild Cactus; Indian Fig) Opuntill humifuslI 
(0. Comprllllllll, p.p.} 

All Native Orchids, including: 
Adder's-mouth (Malaxls); Are-
thusa(Oragon's-mouth; Swamp-
pink;,Bog<andle (Scent~ottle): 
Ca lopogon (Grass-pink; Swamp-
pink); Calypso (Fairy-slipper); 
Coral-root; Cypripeciium (Lady's-
slipper; Moccasin-flower; nerve 
root); Goodyera (Lattice-leaf; Orchidllcelle 
Rattlesnake-plantain); Kirtle-pink: 
Ladies'-tressas (Pearl-twist; 
Screw-auger); Orange-plume; 
Orchis; Pagonia (8eard-flower; 
Snake-mouth); Putty-root (Adam-
and-Eve,: Soldier's-plume; Three-
birds: Twayblade: Nlipporwi 11-
shoe 

Golden~lub Orantium IIqullticum 

. G insang (Sang, .""X quinquefoliull 

Yolld Crabapple Pyrus CoronllTill 

Azalea; Great Laurel (\M'tite Rhododendron spp. 
Laurel); Honeysuckle; Pinxter (Native, 
(Election-pink: Pinxter-bloom); 
Rhododendron (Rosebay); Rhodcn 

Bitterbloom (Marsh-pink; Ross-pink; 
Sabatia; Sea-pink) 

SlIbllt ill spp. 

Bloodroot (Puccoon-root; Red SlInguinllTill 
Puccoon) 

Pitcher-plant (Huntsman's~up; SlIrrllcenill purpurell 
Sidesadd le-f lower, 

V~i/d Pink Silene cBrolinillnll 

Bethroot (Birthroot; Squawroot; Trillium spp. 
Stinking Benjamin; Wake-robin'; 
Toadshade. ri Ilium 

Globe-flower (Trollius) Trollius IlIxus 

Bird's-foot Violet V iolll pedlltll 

Source: NYCIR 193.3, 1974 Enviroumenta1 
Conservation Law 9-1503 (State of New York) 
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TABLE 2-12 

ENDANGERED AND THREATENED PLANT SPECIES OF NEW YORK STATE 
ON THE LIST OF THE SMITHSONIAN INSTITUTION 

COHtl)N NAME SCIENTIFIC NAME STATUS HABITAT 

Whorled Pogonia orchid Isotria medeoloides E dry woodland . 

Reed-Bentgrass Calamagrostis perplexa E rocky woods 

Hart's Tongue Phyllitls scolopendrium E cool well holes 

Rattlesnake-Root Prenanthes boottii T mountains 

Rockrose ReUanthelpum 4nmsum T dry sands, barrens, open woods 

Ram's Head Cypridedigm arietinum T damp woods, bogs 

Small White Lady's Slipper Qypripedium candidum T calcareous meadows, prairie 

Twayblade Listera Auriculata T alluvial banks 

Orchid Platapthera leucophaea T woodlands 

Orchid Platanthera peramoena T woodlands 

Reed-Bentgrass Calamagrostis porteri T dry woodlands 

Panic-Grass Panicum aculeatum T swampy woods 

Meadow Grass Poa paludigena T bogs, swamps 

Pondweed Potamogeton hillii T wetlands, ponds 

Curly-Grass Schizaea. pusilla T low wet areas, shores 

Agalinis Agalinis ~ T sandy banks 

Micranthemum Micrant~ micranthemoides T tideflats 

Sources: Smithsonian Institution, 1975; Fernald, 1970. 
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State Department of Environmental Conservation issued a press ,release 
advising against the consumption of fisWtaien froa the Budeon' 
River. On 26 February 1976; ::tbe Department impoeed a ban on ca.er
cial fishing in certain port{~ ~f the .~4.on River and its tribu
taries and the sale of fieh ,tin'la these ·waters. 

2.85 New York State ~~"latione (6 ncaa 12~19) now prohibit 
commercial fishing in the B~oa River ~t~.frdm the Troy Dam to 
Fort Edward and downstream otthe dam to>the Battery and in ,aU tri
butary vaters along these reac-,. upstream fro. the river to the 
first falls or barriers iap .... leto fieh. The ban applies to aU 
fish, including American eel,:~, ... ep~ At~tic sturgeon greater than 4 
feet in length, goldfish and ... rican shad. Regulatione have been 
modified slightly to allow the~t4ting of bait fish. 

Aquatic Ecosystems of the Bowline Vicinity 

2.86 The aquatic eco.,stem in the vicinity of the Bowline 
Point Generating Station has been studied 'extensively over the past 
several years as part of the .nviro~ntal studies sponsored by 
Orange and Rockland Utilities. 'ntefollowi .. diacussion is drawn 
primarily from Quirk, Lawler, ad ~tusky J1974} aud ,Lawler, Matusky, 
and Skelly (1975a, 1976a, 1978) anctOr .... " and lockland (1977). 

Phytoplankton 

2.87 The seasonal pattern ofpbytaplaakton .pecies succession 
observed in the Bowline vicinity is typical of,that occurring along 
much of the rest of the Hudson Ri~.r~.etuary (Pia-re2";';18). Diatoms, 
pre~ominantl! Melosira an~ cyetoel~l" are the doainant organi .. s 
dur1ng the w1nter and spr1ng. i;;cula and Aaterieaella are also 
important from year to year. Green' and blue-pad.Alaae predOilinate 
in the summer and fall. Aaoug the blue-.teen algae, AQacystis is a 
dominant occurring every year, 'lihUe Oci1-ttt.Qri., Goapho.phaeria, and 
Gleotrichia are other dOBinant8 .~tng~irioecurrenee from year to 
year. Stichococcus and Ulothrt! are the do.inant green algae with 
consistent occurrence. The ocCUrrence of other doainant green algae 
such as Pediastrum, Scenedes.u., and EcballocY8ti, varies from year 
to year. 

2.88 Seasonal abundance of phytoplankton is characterized by 
a spring bloom in Mayor June. Usually the dominant bloom organisms 
are diatoms, but in 1975 it was the green algae Stichococcus. A 
secondary abundance peak also often occurs in the fall. Seasonal 
patterns of phytoplankton in Bowline Pond are usually similar to that 
in the Hudson River. 
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Microzoopl.nkton 

2.89 The doain.nt microzoopl.nkton in the 
vicinity are copepod., cl.docerans, and rotifers. 
other species are se.sonally important. Copepods 
most abundant species at all times of the year. 

Bowline Point 
Occasionally, 

are usually the 

2.90 Seasonal patterns of species succession are linked to 
the salinity regime in the Bowline Point area, to temperature 
ch.nges, and possibly to fluctuations in other environmental condi
tions such as nutrient levels. In the spring and early summer when 
river flow is still l~rge and the waters at Bowline Point are not 
saline, the microplankton are dominated by cycLopoid copepods, 
cladocerans, and rotifers. By late sumaer and-fall, river flow 
declines and the salinity rises to several parts per thousand. 
During this period. cladocerans and rotifers decline to low numbers 
and calanoids beca.e the dominant copepod. -freshwater species return 
in winter as river flow increases. Spring and fall peaks in 
abundance have been noted at Bowline Point. The two peaks are 
usually copepods or rotifers. 

Macrozooplankton 

2.91 Amphipods, dipterans, cladocerans, and isopods are the 
predominant macrozooplankton in the Bowline area. Amphipods, dipter
ans, and isopods are also found as part of the benthic community. 
Cladocerans are completely planktonic. 

2.92 Trends in abundance of macroplankton are s~ilar to 
those of microplankton. Spring and fall peaks of amphipods (mostly 
G .... rus and Monoculoides) occur when freshwater flow is large. 
Cladocer.ns (Daphnia and Leptodora), another freshwater species, are 
also abundant in the spring. Dipterans and isopods are less abundant 
relative to other kinds of macrozooplankton at all times, and are 
less correlated with salinity changes. 

Benthos 

2.93 Benthic communities are s~ilar throughout the Bowline 
area because of the relative homogeneity of the sediments. Molluscs, 
polychaete and oligochaete worms, dipterans, and crustaceans (pr~ar
ily harpacticoid copepods, isopods, and amphipods) are the dominant 
organisms in both numbers and biomass. Organism abundance is great
est in the spring and winter, with lesser numbers in the summer. 
Biomass is gre.test in the spring and summer and less in the fall and 
winter. Molluscs .re represented almost exclusively by the gastropod 
snail Amnicola. Oligoch.ete worms were primarily Peloscolex benedeni 
and Limnodrilus hoft.eisteri. Scolecolepides and Hlpaniola were 
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ca..on polychaete voras. A.phipod crustaceans are represented by 
Corophiua, Honoculoide., and three species of G .... ru.. Coaaon iso
pod crustaceans are eya.hura, Cbiridotea, aDd Edotea. Procladius is 
the ca..on dipte~an arthropod. Occurrence and relative do.inance of 
any particular species i. variable frOB year to year. Sa.. aea.oual 
variation in species co.position occur., pri .. rily due to iucrea.es 
in abundance of harpacticoid copepoda, isopoda, and amphipods during 
the warmer .ontha. 

Fish Bus and Larvae 

2.94 The concentration 
Bowline Point aupportinl other .tudiea iudicatina 
that major .pawoinl area. of anadromou. fishes are further up.tre .. 
and downstre... BII. of the follovina .pecie. have been collected in 

_ the Bud.OII aiYer Dear Bowline Poi t: Atlantic to.cod, vhite perch, 
striped ba •• , XlOia .IP., rODe. and the bay anchovy (Lavler, 
Matuaky, and Skelly Inli, Durina the period of February 
to July, fish elgs collected at Bowline Point vere pri.arily those of 
the bay anchovy, which .pawna in Juue and July (.ee Table 2-13). 
Horone app. (white perch and atriped bass) spawn earlier in the 
season during Hay and June and may contribute substantial numbers of 

. egga at theae times. BII concentration. in Bowline Pond are u.ually 
considerably less than in the river, SOBeti.eS 10 percent or less. 
The species ca.position of fiah egg. in Bowline Pond is siailar to 
that obaerved in the river proper (Quirk, Lawler and Matu.ky, 1974). 

2.95 Seaaonal abundance and species co.position of larvae 
vary with the .Pawninl patterns of the doainant specie. in the estu
ary. Three peak. of laryal abundance lenerally occur (.ee Figure 
2-19). The larvae of Atlantic tomcod (a vinter .pawner) appear in 
greatest nu.bers in late winter and early .prinl. Another peak of 
larval conceatration occurs ia May throulh early July coapo.ed pri
marily of .triped basa, white perch, aad specie. of Alosa (alevife, 
blueback herring, and shad). Bay anchoYy larvae beca.e numerous dur
ing aid-June to aid-Septeaber. Other specie. contribute a relatively 
aaall percentale of larvae to the total throughout the warmer .onths. 
Mean .onthly fish larvae abundance in Bowline Pond generally ranges 
between 60 percent and 10 percent of abundance at Bowline Channel 
(Lawler, Hatu.ky and Shelly Bngineera, 1976). 

'ish 

2.96 The fish co..unity of the Bowli.e Point Yicinity is 
typical of the oli.ohaline areas of the Hudson River I.tuary. 
Atlantic toacod, white perch, hOlchoker, bay anchovy, striped bass, 
alevife, and blueback herrin. are the do.inant ... bers of the com
aunity. Actual abundance and relative dominance of each species i. 
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TABLE 2-13 

FISH EGG ABUNDANCES IN THE HUDSON RIVER 
AT BOWLINE POINT DURING 1977 

FISH EGG ABUNDANCE (no./100Om3) 

TOTALa BAY ANCHOVY 

24 February 0 0 
08 March 0 0 
15 March 0.3 0 
29 March 0 0 
31 May 18 18 
02 June 2.7 2.3 
06 June 14.0 1.3 
08 June 4.3 4.3 
13 June 784.3 784.3 
16 June 3767.0 3765.0 
20 June 56.3 26.3 
23 June 24.3 24.3 
27 June 536.3 536.3 
30 June 4.0 4.0 
05 July 0 0 
12 July 7159.3 7159.3 
19 July 301.6 301.6 
26 July 1121.6 1121.6 

Averaged from 3 sampling tran8ects, at all depths and sampling times. 

Source: Lawler, Matuaky, and Skelley, 1978; Table IV-4. 
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variable from year to year depending on such factors as year class 
strength, seasonal river flow, and salinity in the Bowline area. 
Overall seasonal abundance is greatest in the river from mid~summer 
through mid-fall. Seasonal abundance of fish species in the Bowline 
area is consistent with the life cycle of each species. 

2.97 The species composition in Bowline Pond is different 
from that in the river. Blueback herring, redbreast sunfish, banded 
killifish, and white perch are the dominant species. 

Aquatic Ecosystems of the Roseton Vicinity 

2.98 The aquatic ecosystem in the vicinity of the Roseton 
Power Generating Station has been studied extensively as part of en
vironmental studies sponsored by Central Hudson Gas and Electric. 
The following discussion is drawn from Quirk, Lawler, and Matusky 
(1973) and Lawler, Matusky, and Skelly (1975b, 1976b), and Central 
Hudson Gas and Electric (1977). 

Phytoplankton 

2.99 The seasonal pattern among the phytoplankton observed at 
the Bowline point generating station of diatom dominance in the 
winter and spring shifting to green and blue-green algae in the sum
mer and fall is also the typical pattern in the vicinity of Roseton. 
Common diatoms include Coscino-discus, Cyclotella, Melosira, Aater
ionella, Navicula, and Nitzschia. Cyclotella and Melosira are the 
.oat frequent dominants with the others varying in importance from 
year to year. The dominant green algae are Eudorina, Pediastrum, 
Scenedesaus, Tetrastrum, Ulothrix, Panadorina, and Mougeotia. Fre
quently occurring blue·green algae include Oscillatoria, Chroococ
~, Aphanocapsa, Microcystis, Lyngbya, Merismopedia, and Anacystis. 
The particular dominants are variable from year to year among the 
green and blue-green algae. 

Microzooplankton 

2.100 Copepods, cladocerans, and rotifers are the dominant 
microzooplankters in the Roseton vicinity. Abundance is similar to 
that at Bowline Point but seasonal shifts in species at Bowline Point 
related to salinity are not observed at Roseton because of the pre
dominantly freshwater regiae. Copepod nauplii and rotifers are often 
the most numerous organisms during all but the dryest years. Bosmina 
is the dominant cladoceran. rotifers are Keratella, 

. nus, and Mothulca. 0 distinc re e pattern 
species composit10n is usually evident. 
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Macrozooplankton 

2.101 Amphipods (G .... ru. sp.), dipteran larvae, and Leptodora 
(a cladoceran) are the .ost abundant aacrozooplankters in the vicin
ity of the Roseton Generating Station. One or two peaks of abundance 
occur, usually in the early summer and/or fall. The microplankton 
eXhibit daily vertical .igration, being .ore evenly distributed 
throughout the water column during the night and concentrated at 
greater depths during the day. 

Benthos 

2.102 Tubificid oligochaete worma and dipteran larvae dominate 
the benthic ca.munity in the Roseton vicinity. Isopods, aaphipods, 
decapods, turbellarians, polychaetes, leeches, arachnid8, molluscs, 
and other insect groUpl are leIS co.qon. LLanodrilul hoffaeisteri is 
the dominant oligochaete. L. udekeaianus, ~. profundicola, Stylaria 
FOlsularia, Vejdovskyella inter.edia, V. Coaata, and Aulodrilus 
pluriseta are found leIS frequently. The most frequently occurring 
dipteran larvae are the chironomida Coelotanypu8 ap. and Polypedilum 
sp. Other groups, luch as biting midge8 (Ceratopognidae) and the 
phantom midge (Chaeoborus sp.) are sometime. seasonally abundant. 

2.103 Community structure and organism abundance generally has 
been sLailar at all sites sampled in the estuary near Roseton, prob
ably because of the relatively ha.ogeneou •• ediment characteristics 
of th~ area. Occalionally, abundance at one or two Itationl would be 
Itatilti ally different fro. other Itationa 0 c ear overa 
1n sealona ota aacr and lealonal species 
compolition are evident. 

Filh BIIS and Larvae 

2.104 Tvo major periods of fish larvae abundance occur in the 
Roseton vicinity (Figure 2-20). The first is in late winter and 
consists of Atlantic tomcod. During the second period, striped bass, 
white perch. and Alo.a Ip. larvae appear in greatelt numbers in late 
May, June and early July, usually peaking in June. Other Ipecies 
molt numerous in June were teasellated darter (Btheo.tome ol.stedi) 
and cyprinids (Caraaaiua auratua, Clprinus carpio, Botropia app.). 
Other species identified were rainbow smelt (Os .. rus .adax), 8unfish 
(Le~il spp.), yellow perch (Perca flavescens). killifish (Fundulua 
!PP •. and sturleon (Acipenser spp.). The bay anchovy (Anchoa 
.itchilli) ia pre.ent in low nuabera in July and August. 

2.105 Limited data on fish ell abundance and occurrence ia 
available for Roaeton. Sampling durinl 1974 shoved low numbers 
of egga in May and June. peaking in early May at an average 
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concentration of 45.7 el18 per 1000 cubic meter8 of water. Other 
8amples contained lell than five ells per 1000 cubic meterl. 

~ 

2.106 In any sinale year. 8 or 10 species ulually .ake up the 
majority of the fish coamunity in the vicinity of Roseton al measured 
by trawlinl. gillnettina. seininl. and trapping. White perch and 
blueback herring usually account for 35 percent or more of the catch. 
Other species are .ore variable in their relative abundance from year 
to year. Atlantic tOBCod is the most variable. representinl 34.5 
percent of the catch in 1972. but only 3 and 7.7 percent in 1973 and 
1974. respectively. Alawife. '-arican shad. spottail shiner. lolden 
Ihiner. other Aloe •• pecie •• brown bullhead. pu.pkia-s.ed sunfi_h. 
Itriped bass. bay anchovy. hogchoker. white catfish. ana American eel 
have all represented .ore than 1 percent of the catch in at least one 
s .. ple year. Striped bass are usually caulht in relatively low num
bers. representina 1.9 percent (1972), 4.6 percent (1973), and. 0.9 
percent (1974) of the catch over the s .. ple period. 

2.107 Total fish abundance is greatelt durinl Iprinl and sum
mer. Species and .. e ..teup of the fish community change throughout 
the year as adults .iarate up and down the estuary and al younl of 
the year grow and move in and out of the area. 

2-62 



IIUMAR RESOURCES 

2.108 rbe Hudson River estuary, as defined in the present 
study, supports a population (1975) of 11,400,000 (U.S. Department of 
Ca.merce, 1976a). The area* encompasses all or portions of three 
Standard Metropolitan Statistical Areas; namely, New York, Poughkeep
sie, and Albany-Schenectady-Troy. 

Population 

2.109 Population statistics pertaining to the Hudson River es
tuary are given in Table 2-14. As the data indicate, the counties in 
the southernmost portion of the study area (Bergen and Hudson Coun
ties in New Jersey and the City of New York) together with West
chester County account for a population of almost 10 million or 87 
percent of the population within the entire study area. Albany and 
Rensselaer Counties, with a combined population of nearly 500,000, 
account for a further 4 percent. The balance· of 9 percent of the 
population is distributed among the remaining seven counties which, 
in terms of geographical extent, make up approximately two-thirds of 
the study area. Population is not evenly distributed over these 
counties. There are notable concentrations in Rockland, Orange, and 
Dutchess Counties and low popUlations in Putnam, Columbia and Greene 
Counties. Population densities vary greatly over the study area, 
ranging from the extremely high densities of New York City (more than 
25,000 persons per square mile) and Hudson County, New Jersey (12,400 
persons per square mile), to a low of 59 persons per square mile in 
Greene County. Rockland County has a popUlation density of 1,415 
persons per square mile. 

2.110 Population has been increasing in portions of the study 
area and decreasing in others. The number of residents increased 
substantially between 1970 and 1975 in Putnam (22.4 percent) and 
Greene (15.3 percent) Counties. Ulster (9.7 percent), Orange, Rock
land and Columbia (7.0 percent) Counties experienced moderate growth 
over the same period. Growth was somewhat lower in Dutchess County 
(5.6 percent) and the popUlation in Albany and Rensselaer Counties 
remained virtually stable (0.7 percent gro~h in both counties). 
PopUlation decreased over the 1970-1975 period in New York City, 
Bergen and Hudson Counties in New Jersey and Westchester County. New 
York City and Hudson County both registered losses in excess of 4 
percent. The population of New York City, the New Jersey Counties of 

·Counties adjacent to the Hudson River from the Albany-Troy area 
south to the Battery in Manhattan. For present purposes, the City 
of New York (Bronx. Kings, New York. Queens. and Richmond Counties) 
are treated as a single entity within the study area. 
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TABLE 2-14 

POPULATION STATISTICS FOR THE REGION OF THE HUDSON RIVER ESTUARY 

POPULATION 
COUNTY SQUARE 1975 DENSITY POPULATION CHANGE 

MILES POPULATION (Persons per (Percent~ 
Square mile) 1960-1970 1970-1975 

Albany 526 288,900 549 -2.7 0.7 

Rensselaer 665 153,600 231 -0.6 0.7 

Greene 653 38,200 59 3.7 15.3 

Columbia 645 55,100 85 4.6 7.0 

Ulster 1,141 155,000 136 10.8 9.7 

Dutchess 813 234,800 299 14.8 5.6 
N Orange 833 242,500 291 11.1 9.4 I 
Q\ 
~ Putnam 231 69,400 300 65.6 22.4 

Rockland 176 249,100 1,415 52.4 8.4 

Westchester 443 877 ,000 1,980 2.5 -1.9 

Bergen, N.J. 234 871,900 3,726 6.5 -2.8 

Hudson, N.J. 47 582,800 12,400 -7.7 -4.1 

New York City 
(1) 

300 7,567,800 25,226 16.4 -4.2 

Sources: U.S. Department of Commerce, 1976a. 

(1) Bronx, Kings, New York, Queens and Richmond Counties. 
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Bergen and Hudson, and Westchester County decreased during the 1970 
to 1975 period; New York City and Hudson Counties both registered 
losses in excess of 4 percent. Population in New York State as a 
whole declined by 0.7 percent over the same period, compared to a 
108s of 0.3 percent sustained in the decade between 1960 and 1970 
(Rand McNally, 1976). 

2.111 The population in Rockland County increased from 136,803 
in 1960 to 229,903 in 1970, an overall increase of 68 percent (U.S. 
Department of Commerce, 1973). Growth moderated to an overall in
crease of 8.4 percent between 1970 and 1975, to reach 249,100 for 
1975.* Population in the Town of Haverstraw, one of five townships 
forming Rockland County. increased from 16,632 in 1960 to 23,311 in 
1970. an overall increase of 40 percent (U.S. Department of Commerce. 
1976a). The population reached an estimated** 30,260 in 1975. rep
resenting a further increase of 30 percent. 

Socioeconomic Profile 

2.112 The Hudson River estuary is area one of the nation's 
principal centers of industrial. commercial and financial activities. 
Employment in the area (1970). as indicated by the selected socio
economic statistics presented in Table 2-15. is oriented heavily 
towards the manufacturing industries. Trade (wholesale and retail) 
and government services represent the region's other major employment 
sectors. The volume of trade (retail sales) in the area is related 
to the distribution of population and is greatest in the southern and 
northern portions of the area. least in Columbia. Greene and Putnam 
Counties. Median family incomes in 1969 were lowest in Columbia and 
Greene Counties; the median income in Putnam County was considerably 
higher. due to its large suburban popUlation. 

2.113 The portion of land area devoted to farming declined in 
each of the counties in the study area between 1969 and 1974. The 
relative decrease was largest in the southern portion of the estuary, 
where the acreage in farming represented a relatively minor use of 
the land. Despite the decline. farms still (1974) occupy substantial 
portions of Columbia (37 percent). Orange (28 percent). Dutchess (27 
percent). Rensselaer (26 percent) and Albany (23 percent) Counties. 
the noted dairying and fruitgrowing region of the Hudson River. Much 
of Greene and Ulster Counties lies in the Catskill Mountains. and 
relatively small portions of these counties are suitable for farming. 

*Tbe Planning Board of Rockland County estimates the population 
figure to be 260.000; established by communication with the Board 
on 16 February 1977. 

**Estiaated by the Planning Board of Rockland County; established by 
communication with the Board on 16 February 1977. 
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TABLE 2-15 

SOCIOECONOMIC CBARACTERISTICS(l) 

TWO LABGEST SALES VOLUME(2) MEDIAN 
LAND IN FABMS(3) 

BASIC TRAINING 
COUNTY AREA (2) EMPLOYMENT SECTORS, ($l,OOO's) FAMILY PERCENT OF PERCENT CHANGE 

PERCENT EMPLOYED INCOME LAND, 1974 1969-1974 

Albany Albany/Schenectady/Troy Gov't, 29/Trade, 20 1,010,539 $11,015 23 -11 

Rense11aer Albany/Schenectady/Troy Manuf, 23/Gov't, 21 223,637 10,084 26 -10 

Greene Albany/Schenectady/Troy Manuf, 22/Gov't, 22 17,673 8,552 16 -14 

Co1UDlbia Albany/Schenectady/Troy Manuf, 26/Trade, 17 27,403 8,709 37 -12 

Ulster Poughkeepsie/Kingston Manuf, 29/Trade, 19 128,553 9,808 11 -11 

Dutchess Poughkeepsie/Kingston Manuf, 33/Gov't, 19 232,506 11,658 27 -14 
N Orange Newburgh/Middletown Manuf, 23/Gov't, 20 235,261 10,128 28 -4 I 
0\ 
0\ Putnam New York City Manuf, 20/Gov't, 17 15,468 11,995 5 -51 

Rockland New York City Manuf, 22/Gov't, 21 293,537 13,751 1 -63 

Westchester New York City Manuf, 21/Trade, 20 3,080,290 13,774 5 -15 

Bergen, N.J. New York City Manuf, 30/Trade, 22 3,983,359 13,591 2 -50 

Hudson, N.J. (4) New York City Manuf, 35/Trade, 17 1,540,304 9,695 

New York City New York City Manuf, 19/Trade, 19 59,196,380 18,609 

Sources: (1) U.S. Department of Commerce, 1973. 
(2) Rand MCNally, 1976. 
(3) U.S. Department of Commerce, 1976b. 
(4) Bronx, Kings, New York, Queens and Richmond Counties. 
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2.114 The median family income among residents of Rockland 
County in 1969 was $13,751, second only to the median income of West
chester County ($13,774) within the study area and considerably high
er than the median income of $10,609 in Hew York State as a whole 
(U.S. Department of Commerce, 1973b). In 1970, there were 60,359 oc
cupied housing units in the county, 70.4 percent of which were occu
pied by the owner (U.S. Department of Caa.erce, 1973b). The civilian 
labor force numbered 86,555 with 83,436 being employed. The break
down (percent of labor force) of eaployment by employing sector in 
1970 was: 

Manufacturing 21.8 
Wholesale and Retail Trade 19.2 
Services 6.8 
Educational Services 10.5 
Construction 6.3 
Government 20.8 
Craftsmen and Foremen 12.6 

The Bureau of the Census classified 59.7 percent of the labor force 
as white collar workers, made up of 32.4 percent professionals and 
27~3 percent sales personnel. 

Land Use 

2.115 Selected statistics on land use for the counties forming 
the study area (except the City of Hew York) are given in Table 2-16. 
The information is derived from a survey conducted in 1958 and up
dated in 1967 by the Soil Conservation Service, (U.S. Department of 
Agriculture, 1967; 1970). Although the information may be outdated, 
it is the latest available set of data that applies consistently and 
is presented here to provide an overview of the urbanization pattern 
on the Hudson River estuary. 

2.116 The data in Table 2-16 indicate that the New York coun
ties of Putnam, Rockland and Westchester are almost completely urban
ized. Bergen and Hudson Counties in Hew Jersey are heavily urban
ized, although a sizable portion of Bergen County is forested. The 
remaining counties of the study area are less urbanized, and one-half 
or more of the area in each county is primarily forested. Greene and 
Ulster Counties, in particular, are heavily wooded and unurbanized. 
Catskill Park, a state reserve, occupies major portions of these 
counties. The major Federal land holding in the study area is the 
West.Point U.S. Military Academy in Orange County. 

2.117 A land use plan has been developed for Rockland County 
(County of Rockland, 1973). The northwestern portion of the county 
is occupied largely by the Harriman State Park. Residential 
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TABLE 2-16 

LAND USE STATISTICS, EXCLUDING CITY OF NEW YORK 

URBAN AND FEDERAL PERCENT OF INVENTORY 

COUNTY 
LAND AREA, BUILTUP NON-CROPLAND INVENTORY ACREAGE(2) IN 

ACRES ACRES ACREAGE (1) 
ACRES PERCENT CROPLAND PASTURE FOREST 

Albany 339,840 36,373 11 597 302,000 26 7 55 

Rensselaer 425,600 42,577 10 2 381,500 22 6 53 

Greene 417,920 19,401 5 239 397,500 11 7 73 

Columbia 411,520 10,935 3 7 399,390 33 13 47 

Ulster 731,520 50,600 7 644 675,900 11 1 86 
N 
I Dutchess 522,240 72,330 14 599 448,000 26 10 53 
~ 

Orange 530,560 74,563 14 18,397 435,400 20 11 52 

Putnam 150,400 149,800 99+ 0 0 

Rockland 113,920 113,450 99+ 70 0 

Westchester 278,400 277 ,485 99+ 15 0 

Bergen, N.J. 149,100 119,900 80 100 28,500 14 0 81 

Hudson, N.J. 28,800 26,200 91 900 1,600 

(1) New York Conservation Needs Inventory and New Jersey Conservation Needs Inventory of 1967; 
see sources listed below. . 

(2) Includes only private, ·rura1 land. 

Sources: U.S. Department of Agriculture, 1967; 1970. 
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developments predominate in the remainder of the county, with zones 
designated for industrial and coaaercial development present in each 
of the five townships foraing the county. The Palisades Interstate 
Parkway traverses the county from north to south, and the Rew York 
State Thruway from east to west in the southern portion of the 
county. 

Historical Resources 

2.118 The Hudson River Estuary is rich in sites and landmarks 
of historic interest, legacies of the eventful developaaent of one of 
the longest settled areas in Rorth America. In addition, e.inent ex
amples of the architectural style of each of the eras in the region's 
history abound. The Rational Register of Historic Places (U.S. De
partaent of the Interior, 1977) contains an extensive list of proper
ties within the Hudson River estuary. _ Table 2-17 lists properties 
within 5 .iles of the Bowline Point and &ose£on Gineratin Statlans. 

e UDe _ 1 - 1 Y 0 t e . lne Point Gener- .. atlng Station are included in the legi.ter. _ These are the Kenry 
Garner Mansion located approximately one .ile fro. the power plant 
iite, and the Fraser-Hoyer House. also in West Haverstraw. Directly 
across Haverstraw Bay is the Van Cortlandt Manor, a Rational Historic 
Landmark. The Stony Poipt Battlefield is ~nother Rational Historic 
Landmark, located approximately 3 .iles north of the power plant 
site. 

2.119 In addition, Rew York State currently has an active his
toric preservation prograa within the Parks and Recreation Depart
.ent. The Depart.ent has on file several structures and sites that 
are potentially eligible for inclusion in the Rational Register. 
Table 2-17 lists properties in the vicinity of the Bowline Point and 
Roseton Generating Stations that have been no.inated or approved by 
New York State* but have D9t to data (1 March 1977) been included 
in the Rational Register (36CFR800) as of 1 March 1977 and beco.e 
subject to the provisions of the Rationa~ Historic Preservation Act. 

2.120 An inventory of historic resources of the Hudson River 
Valley (Hudson River Valley Commission, 1969) lists several struc
tures of architectural interest in the Town of Haverstraw and the 
Villages of Haverstraw and West Haverstraw. These are predo.inantly 
houses built in the early and .iddle 19th Century, several churches 
fro. the same period-and one instance of a two-story clapboard house 
dating fro. around 1770. 

*Inforaation on places no.inated but not in the Rational Register 
has been obtained through personal communication by Mr. Joel Klein, 
Historic Preservation Program Analyst, Rew York State Pa~ks and 
Recreation Departaent, 4 March 1977. 
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, , TABL8 2-17 

HISTORIC SITES IN TBB VICINITY or TBB BOWLINE POINT 
AND ROSBTON GBNBRATING STATIONS 

Rockland County 

Stony Point, Stony Point Battlefield, north of Stacy Point on US 2 and 202 
West Haverstraw; 1'i'~.r .. BOYer Houee,' TreailOn Rill. off US 9w 
West Haverstraw-, Henry' 9amer Mal.ion, 18 Railroad· Avenue 
Palisades Interstate Patk, west bank -of the IlUd80n River 
New City, New Haapstead Presbytilarian Church and School Bouse* 

Westchester Count)' 

Croton-on-BudsOD, Va COtt1andt -xanor US 9lC of j unction With US 9A 

Ulster County 

None 

Orge County 

Newburgh, David Crawford House, 189 MontgOliery St. 
Newburgh, Dutch Reformed Church, NB corner of Grand and 3rd Sts. 
Newburgh, Kill Bouse· (G_ell the Jew House) M111 Houae Id. 
Newburgh, MontIGDery-Grand.Liberty Streets Historic District, 

19th-20th St. 
Newburgh. WashiDaton's Headquarters (Hasbrouck House), Liberty and 

Washington Sts. 

Dutchess County 

Beacon, Madame Catharyna Brett HoEstead, 50 Van Nydeck Ave. 
Beacon, Howland Library, 477 Main St. 
Beacon, Tloronda Bridge, South Ave. 
Fishkill, Fishk11lVi11age District, along N.Y. 52 fram Cary St. to 

Hopewell St. . 
Fishkill vicinity, rishki1l Supply Depot Site 
Fishkill vicinity, VanWyck-Wharton House, south of rishkill on US 9 
Verplanck, Verplanck-Van Wyck Barn", town of Wappinaer* 
Beacon, Bustatis, NW of Beacon of N.Y. 9D* 

*Denotes sites nominated to or approved by New York State for nomination 
to, but not on, the National Register of Historic Places as of 1 March 
1977. 

,;. 
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Recreational Resources 

2.121 A broad range of recreational resources exists along the 
Hudson River and within the contiguous counties. The river provides 
opportunities for noncontact recreation such as boating, fishing, 
bird-watchi~in addition, swi.-ing in some areas. The river 
provi~es a ackdro for camping, hunting, hiking, sightseeing and 
motor1ng. 

2.122 The study area contains numerous skiing resorts, state 
parks, such as Catskill Park and the Palisades Interstate Park, and 
many other smaller recreational facilities. There are many private 
and semiprivate resorts, country clubs and other recreational facili
ties in the area. 
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CHAPTER 3 

RELATIONSHIP or THE PROJECT TO LAND USE PLANNING 

3.()1 The' Bowline Point Generatina Station occupies a 245-acre 
tract in the Town of Ba .... trn and Villaae of We.t Haver8traw, 
Rockland County, New York. * Located approxiaately 30 .iles north 
of Bew York City, the Town of Haver8traw is one of .everal 
established centers of i~stry and c~rce along the Hudson River 
between the Albany-Troy, Scheliect'ady and Bew York "1IIl!tropolitan areas. 

3.02 Haverstraw was incorporated as a villaae in 1854 with a 
mayor-council .y8 t_ ()f aOtier .. ent.. The oriainal villaae pined. 
rapidly in u-portance follovinathe introduction of 8te" naviaation 
on the Hud80n River in 1807. T~~rock quarryina bec... one of the 
major activities in 'the area. Other industrie8, which at one t~ 
thrived or are stitl active, include the .. nufacture of ceaent, brick 
and other building products, paint, hardware, textiles, and leather 
and metal novelties. 

3.03 The riverfront areas of the town of Haverstraw and the 
adjacent Town of Stony Point to the north have been traditional sites 
of clay quarrying and brick manufacturing. Deposits of coal ash and 
debris from these activities and other industrial rubble remain in 
the area. 'lbe power plant s~te, orightallt part of the Grass, Point 
Marsh formed by thedelta8 of the Cedar Pond Brook and Minisceongo 
Creek, mo8t recently had been used as a municipal landfill and for 
the unauthorized disposal ~f discarded automobile8, household 
applicances and trash (Orange and Rockland, 1971). 

3.04 preparatio~ at the site included the removal of 
garbage, vegetative clearing, pest control, filling, grading and 
drainage u.provements. Approximately 60 acres of wetlands were 
affected by the construction of the power plant and associated 
facilities. All major 8ite work and construction related to the 
Bowline Point Station and the recreational facility on site is now 
complete. The power plant is a proainent visual feature in the view 
from the river and is visible frO. many residential sections and a 
considerable length of shoreline. 

*Counties in Wew York are subdivided into legally incorporated 
towns, also referred to as townships, and cities. With one 
exception (the City of Sherrill in the Town of Vernon, Oneida 
County), towns and cities are independent civil entities. In 
addition, there are incorporated villages, each lying within one or 
more towns. Bew York comprises 930 towns, 62 cities and 533 
villages (Rand McBally, 1976). 
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IBLATIORSHIP TO LOCAL LARD USB 

3.0S RocklaDd Count)' ia its' 1.Dd use plaa d.staut.s the site 
of the Bovlia. Poiat Oea.rati.. Statioa .s • utility aoae aDd the 
.rea ~i.t.ly to the aort .... t of tb. sit. as aD iadustrial sou 
(County of IocklaDd, 1973). Adjac.nt to t ...... .,..s of hlah 
deasity (fi". or IIOre d_1U. _it. per acre) aDd.4i .. cleaity 
(two to four dwel1iaa unit. per acre> r.sid •• cial ... elo,..at aa. 
soae. of ca.aercial dev.lap.eat. Node.t~. 'omai., .. 11-
established .. i,lahorbooda, ... n r.tail·bu.ia •• es aa4 public 
buildiaas preda-iaate ia the "iciaity of the power plaat. 

3.06 ti .. 
"i1l".s.of 

~~v~.~r;s;tr~ .. ~~~~~~~~~~~~~~~~~~~~Lo~f~tbe Iowa of 
averstr_.Property v_lues ,eaer. ., ..... DOt c aed siae. 1973, 

d.spite coapl.tioa .nd operatioa of tbs power pl.at aad the .t .. aaDt 
.coaoaic cODditioas in south.ast.ra Rev York ov.r the period 
(Rot.lla, 1977). The area has experi.aced DO abDO~l,arowth or 

"decliae ia population aor disc.rnible cba ... s in urbanisation 
patteras, iDdu.trialisation or busin.ss activiti.s (Iot.lla, 1977). 

3.07 Dev.lopMnt of the site ba •• ntaUed the loe.· of SOM ope. 
space of .. rab.al r.cr.at!o.al •• lue. OIl the otherhaad, the eND.rs 
of the pl.nt hne coatributed aabstaadallyotv.rd. the .stabUs"'at 
of the Bowlin. PDint Huaicip.l Park and r.la~ .... iti... lb. 
facility prove. to be • popular local attractioa dari .. it. fir.t 
year of operation aad it i. anticipated th.t public us. of the 
facility will incre.se in calliaa y.ars (Rot.lla, 1976, 1977). 

3.08 The atatioa prov~ea .. pl.,..nt for'a pe~a.at work force 
of approxillAt.ly 100 (U.S~ '.deral Power Co.i •• ioa, ron 10. 1., 
Annual Report of Ora ... aDd lockland Utiliti •• , Inc., 31 Dec .. ber 
1976) that includes traiaed plaat op.rator., adaiai.trative p.r.o ... l 
and ... intenance staff. Ba.,tloye.," ca..t. to the .it. froa avid. 
area. The plaat op.rat •• 24bour. 'a d.y ia three nil'. ,M. 'saripl--
shift changes, auto.obile tr.ffic to aad froa the plaat iacr •••• s but . 
causes no appreciable co .. estioa on local ro.d. (Iot.lla, 1976, 
1977). 

3.09 Subsequeat to the baprov ... ats in acces. to the sit ... de 
during the constructioa ph ••• of the proj.ct, DO aeed to -Plrad. 
local highways or railroads has b.ca.e avid.at. ru.l oil is 
delivered to the site by bar •• or taaker. Th. added river traffic is 
readily accommodated and pose. no uadue ha.ard to .at.rhorae c .... rce 
or pleasure boatiug. Occasional deliveri.s of equi,...t aDd 
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materials to the power plant constitute a minor added deaand on 
railroad and highway transportation systems serving the area. 

3.io The land use plan of the County of Rockland shows that 
part of the waterfront in the Town of Haverstraw remains dedicated to 
industrial development (County of Rockland, 1973). Iaprovements at 
the Bowline Point site have generally upgraded the industrial 
potential of the ar.a through enhanced drain.,e and access to the 
site and the termination of trash disposal. These improvements, 
together with a strengthening of the municipal tax base, might 
constitute an attraction to future industrial ventures in the area. 

3.11 The station's visibility and visual dominance evidently 
have not affected losal and M'e to a di'cernjbJe dearee. The extent 

-eo which these factors .iaht influence future development or 
redevelopment in the area is difficult to gauge, particularly if 
massive natural draft cooling towers are installed. The presence of 
the power plant is certain to contribute heavily to the industrial, 
character of its surroundings and may inhibit certain types of 
residential, commercial or recreational developments. 

3.12 Operation of the BOWline point r.nerat;ng Station is 
unlikely to influence future )and lI.e plapning or developnent a. a 
result of the pipt's cOllsumption of vater, discbar.e of airborne 
emissions and liquid effluept', .eDeratipn pf ,olid vaates, and 
interaction with the aquatic ecosystem of the Hudson River. 

RELATIONSHIP TO LAND USE eN THE HUDSON RIVER ESTUARY 

3.13 For several years electrical generating facilities have 
provided a focus for concerns over the effects of urbanization and 
development on the natural, recreational and cultural resources of 
the Hudson River estuary. Attention has been directed particularly 
to projects in the early stages of planning that ultimately could be 
sited on the Hudson River. Considerable public opinion has favored 
the adoption of land use planning and controls as means of averting 
or min~izing potential problems. 

3.14 Accoaplishaents along these lines constitute ~portant 
elements of a cOBprehensive land use strategy. Legislative 
initiatives in New York have led to its being one of the nation's 
strongest authorities over matters of land use (U.S. Council on 
Environmental Quality, 1976)." Laws provide, among other things, for 
the protection of wetlands, designation of environmentally fragile 
and historically significant areas, and participation by the State in 
management progr ... authorized by the Coastal Zone Management Act of 
1972. In addition, the laws impose several requirements on the 
Stat~ls electrical utility companies, including requirements to 
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di.clo.e lona-t.~ aen.ration and tran .. i •• ion plan. and to id.ntify 
.ite. held for future expanlion. 

3.15 Iotwith.tandiDi the .tatutory po .. r of the State, .uch of 
the authority to foraulate polici •• OD arovth' and to reaulate 
d.velopment r ... ins ve.t.d in loeal lovera.ent. Althbuab land u.e 
plan. have been dev.loped for all of the countiel on the Budson·River 
e.tuary, .. ny with the aia of fund. -.de available by the State of 
Rew York or throuah the Ca.prehensive PlanniDi A..i.tance Progr .. 
authorized by Section.701 of the F.deral Hou.ing'Act of 1954, 
evidence of coordination at a regional l.vel i.fr .... bt.d. In the 
ca.e of counties on the lower e.tuary--Hudaon and laraen Counties in 
Rew Jer.ey; the borouahl of W.w Yort City; aad Roc.land, weatche.ter, 
Pu tIlan, Oraana., Dutch .... aDd UlItar...CmaIltiu. .. iD ...... IQIk~ ... tJ\., .l~nd 
use plan. of individual couDti.a have b.eD intearat.d by the 
Tri-State Regional 'lanaiDa Co.aiaaion into coapreheDaive auid.li ... · 
for reaioDaI dnelopilent. btabUsh.d initially as the Tri-State 
Regional Planninl Commi •• ion b, aar ... ent .-ona the lovernor. of Rev 
,York, Rew Jeraey and Connecticut, the interatate a.ency nov 
coordinate. the aoal. and plana of 22 counties or boroulhl in Bev 
York and Rew Jersey and .ix planning relions in aouthwe.t Connecticut 
under provisionl of leat.lation in .. U thue ... tatea. Throw&h effort. 
to develop toole for cro .... acceptance. ofr ... i~nal aiMsubnaional 
land use plantl, the Coa.i •• ioB-,-h ... I-UCce •• fuUy f01'll1ll&tn. .1l4 
ensured a degree of c.oaa.iltea.ey in the rea·ional devalGpll8ntauide 
covering the greater Rev York metropolitan area. 

3.16 Growth in counties of the .id-Budson reaion (Orange, 
Putnam, Dutche •• , Ulster, Sullivan, Greene and Coluabia Counties> hal 
been the subject of exten.iVe study by Mid-HUdson Pattern, Inc., an 
independent nonprofit organiaation enaaaed in coaaunity plannina, 
research and development. Eltabli.hed in 1965, it. b.sic function is 
to provide governaent and private enterprise with technical, research 
and planning assiltance to promote informed aecilion. on i •• ue. 
concerning the future development of the .id-Hud.on. Generally 
broader in geographical scope, the Relional Plan Aslociation il a 
second civic organization which, since ita firat charter aa a . 
committee of the Ru •• ell Saae Foundation in 1922, hal concentrated 
its efforts on developing regional approaches to probl ... facina the 
greater New York City area. Other in.tanc.. of coordinated planniDi 
to satisfy the varied need. of this populous region have beeD 
isolated and aimed primarily at .p.cific tarlet. such a. vaste vater 
treatment, transportation Iy.tem., or upgrading of recreational 
facilitie •• 

3.17 Recognition of the value of a coordinated planning, 
comprehensive in scope both with reapect to aeographical extent and 
diversity of human need, if reflected in the e.tablishment of the 
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Hudson River Valley Coaailaionby Bew York Statelxecutive Law, 
Section 721. In the ea21y 1960s the Comailsioa .aa granted authority 
to review proposed project. within one mile of the Hudlon River 
shore, or within two ail •• ·,if vilible frOil tile river, to 'detendne 
whether such project. woul.4eltroy or substantially ~pair 
significant hiltoric or-recreational re80urcel or caU8e .ajor changes 
in the appearance or use ·of .ater. 

3.18 While in the early atages of construction, the Bowline 
Point Generating Station .. a aubject to the C~aaion'8 review. The 
Commission expre ••• d ~e.ervations regarding the vi.ibility of the 
station and the architectural merit of the plant's structures and 
expressed uncertainty, in view of the paucity of data then available, 
regarding the plant's bDpact on the aquatic ec08ystea of the Hudson 
River. Bonetheless, followina a public hearing held in the Town of 
Haverstraw on 3 re~ru.ry 1970 and consideration of the co.ts and 
benefits associat.d with ehe project, the Coaai8sion concluded that 
the benefits outweiahed the costs, and accordintly, that the project 
would not exert an unrea8Qaably adverse effect on the scenic, natural 
and recreational resources of the Hudson Rivet Valley. 

3.19 The functions of the Hudson River Valley C~ssion have 
been transferred to the Bew York State DepartDent of Bnvironmental 
Conservation but without allocations for personnel or an operating 
budget. Several re'pGnsibilities mandated in the Caa.d88ion's 
original charter, particularly those concerning planning of water and 
related land re.ources, are now within the purview of the Coastal 
Zone Manageaent Proal''' administered by the Division of Planning, Bew 
York Department of State. On the basis of procedures and criteria 
developed in the fir8t year of the program study, the entire Hudson 
River estuary falls within the initial delineation of the Coastal 
Zone. The State has applied for (19 March 1976) and received a grant 
covering the second year of a 4-year planning period under the terms 
of Section 306 of the Coa.tal Zone Manaleaent Act of 1972. The 
Coastal Manageaent Office intends to expand and refine the results of 
the first year program and to perform additional required work. 

3.20 Much of the second year grant will be suballocated to 
local governments to support their coastal zone aanageaent planning 
interests. Where matters of statewide, regional or iateraunicipal 
concerns are noted, the State's Coastal Zone Manageaent Program will 
identify the specific means for resolving differences, where these 
exist. Public participation will be significantly increased during 
the second year. In addition to the Bew York Department of State, 
participants in the progr .. will include local govera.ents, regional 
planning boards, the Rew York Department of Bnvironmental 
Conservation and the Rew York Sea Grant Institute. Pr~ary 
objectives will include giving clear, accurate infor.ation on the 
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nature and scope. of jt;~e Go.~tal Zon. Manaa.ent Proar. to' the 
public, expandina.~ r .. ~ini~ .. tho~s to ob.ain adequate levels of 
input from various p.~ic!~ ,private .ourc •• , andeatabli.hing a 
workable pat4,fZ:PIl.priV". i~~.r •• t' '1a~ouah local·aadrelional 
alencies to a s~a~ ... ide· ...... _e.t .,.oar_.'l'he Oo.ital Zone 
Manale~n~ Prqlr .. ·~hu'Ptov'des,.n opportunity for State. local 
loYernaents and 'the public to work collaboratively in proaoting,a 
wise and effective use of coastal zone resources. A man ..... nt plan 
is due to be t.!lle ••• d to tl)",,,blic and sub.itted to the Fecleral 
Coastal Zone ~al ... nt Pffl£e for approval in tbe fall of 1977. It 
is expected.,t~at t~. plan will includ. auideline. and criteria 
related to th.:,.it~P-I of fut~re eneray facilities alo ... the Hudson 
River.' . 

'. :' 

3.21 . A .• e~ond ca.preh,p'ive pr9il'. is currently undeway to 
evaluate th~ vat'l; r~.qurc:e •. ::of ~I\' ,n~ir. Hud.on 'iver "sin. The 
2-year Level B.~ucly sponlOf!lClby the Water ~.our~e. COUI)cil vill 
draw on tlle input O(,{.ever,l. 'ed.ral,.,Stat. and lOCal lovernaental 
aaenci~a to ... e.a theadaquac;y.of aVaU __ le·reaourcea in aeetina 
'anticipated needs an~.to .ddces'·PQ~tn~ial probl ... resultina from 
conflictina water and related land u.es. As aajor consu.era and 
users o( watar. exiatinl .... futur. p,""r plants alonl the Bud.on 
River will cou.titute one, of tile etucly'. points of scrutiny. 

~ • r' ~ 

3.22 TbrOQlh" •. caapr ...... 'iv ......... at of the needs of 
cODlDUniti.s qo lheo·a.48o .. , Ri".r . eltuary and the carryina capacity of 
its varied. r .. 'o~rc~.tth' •• oPloing studies undoubtedly will ahed 
light on the ,cOIIple •. h.uu, that surrou". the sitina of pover plants. 
Until relio~i.e davelqpaeat option. anel recoaaendations are 
formulated, however, an underetaadiq of the of the relationship 
between power leneratina facilities and lend use on the e.tuary can 
be only rudimentary. ' 

, . 
3.23 The Bowline Poift~ Gan.rat' .. Sta~· -i., not unique 

inasmuch as it confo~. to the traditioaal roa tice of locating a 
power plant is proxUai~,.to the load eeaterl a.rve.,on a site 
with adequate water resources to supply the plant's cooling 
requirements aDd ca,abl. of acco.modating .adelt expansioa. 
Alternative trends ia_.i~ing a~e .. erlina. Amona these are the 
concept of cluateriq:' facUities . in power parka aacl. a Broving 
tendency to locate "".r,.,tacilities in lOwer parka and a Iroviq 
tendency to locatepowar"pl.ntain remqte, .parsely popul.ted areas 
and tran~portina e.!rIY Qver increasingly long dist.nc.I. Such 
strategies lita}' or MY not ,prove beneficial in teras of land use on 
the Hudson River es~~ry. Clearly, the Bowli.e ,oint and Roseton 
Generating Station. '~therestabliah nor reilaforce siailar 
departures from the convent~ona~approach to power plant sitinl. 
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C1lAPtER 4 

DV't'ltJtlMiITAL MAClSOP tilt' PRtUlC'f 

4.01 The potential environ-ntal 'hip.cta as.ociAted with the 
Bowline Point Generat't6g Station and the cumulatbe impacts resulting 
from the operation of allot the existing generating facilities on 
the Budson River eet11atj ate presented in this section. Impacts on 
the physical, biolo,ic.l 'and human resources of the study area are 
analyzed in terlls dftKe' tredaminantly locali,zed effects attributable 
to the ope,ration of die Bo"line Point and lto'jeton generating stations 
and the aggregated en'ect's of present and future developments. Where 
appropriate. the analy":i's encompasses impactS that are reaional in 
character and may be experienced beyond the limits of the study area. 

4.02 All of the ge~eratin8 stations on the Hudson River pre
sently operate with' onc~-throuih condenser cooling systems. Require
ments to install' Cl08'ed-'cycle cooling at the Bowline Point, Roseton 
and Indian Point (Ueits2 ud 3) have been imposed by the U.S. En- ~ 
vironmental Proteetioil A;lncy. 'These requirements, in. all instances. 
are being contested and are the subject of presently on-going adjudi
catory heariag' before the~ency (Appendix B). 

IMPACTS OR PHYSICAL RESOUttCES 

4.03 The operation of the Bowline Point Generating Station and 
other steam electric facilities on the Budson Ri.erestuary repre
sents a potential 80urce of impact on the physical resources of the 
study area. Concern centers principally on the reje'cdon of waste 
heat to the river aad the 'release of cont81llinatlta in airborne emis
sions and waterborne effluents. Potential 'effects on'the physical 
enviroMent include 't;lle alteration of the teaperature and flow regime 
of the Budson Rivereltuary and the deterioration of ambient air and 
water quality. Deliver)tof fuel oil to the fossil fueled plant 
involves a ria,k o~ .. .lor spills and poses a further threat to the 
water resource. 

Thermal Regime of the Hudson River Estuary 

4.04 The characteristics of the thermal discharges from the 
Bowline Point Generating Station and the Roseton-Danskammer stations, 
as well as the combined thermal discharges from'all of the existing 
and proposed power plants on the tludson River estuary, have been 
s tudied ex~ens ive~y through mathematical mode lins and computer s imu
lations (Appendix'!). 'The principal objective of the analysis is to 
deteDDine under which conditions applicable water quality standards 
relating to thermal discharges could be exceeded. 
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New York State Criteria Go.verni. Thermal Discharges 

4. OS New York criteria governi. themal ~8Charaes (6NYCRR704) 
to estuaries or portions of estuaries provide that: 

(1) 'l1le water t_perature. at the surface of an estuary shall 
-not be raised to .ore than 90 1 at any point. 

(2) At le.st SO percent of the cross sectional area aDd/or 
volu. of the flow of the estuary. ~nclud11l1 a .inilllUlll of 
one-tbird of the surface as _~ured fra. water's edge to 
water's edae at any stasa of tide. shall not be raised to 
.,re th4n 41 over the taperature that existed before the 
addition of heat of artificial origin or a maxtmUa of 
83 F. whichever is less. 

(3) From July throuah Sept .. ber. if the water t..,arature at 
tbe surface of an estuary before t~ addition of heat of 
artificial orilin is more than 83 1. an increase in ta.
Perature not to exceed 1.5 F at any point of the estuarine 
passageway ~s '4elineated above, .. y be peraitted. 

(4) At least SO percent of the cro~s-sectional area aDd/or 
volume of the flow of the estuary includina a 1Iiniaua of 
one-third of the surface as .. asurad fro. ~er's ed .. to 
water's adae at any staae of tide. shall not be lowered 
.ore than 4 r frOll the teaperature that sisted illEdi
ately prior to such lowering. 

4.06 Consideration of the provision that surface taperatures 
not exceed 90 F nece,sitates a detailed analysis of the behavior of 
the thermal plwaes in·th.-iaaediate vicinity of the Bowline Poiilt and 
Roseton discharge diff~seia. Analytical techn~ues are available to 
determine the levels of .dilution in the near-fif1d zones and the 
reduction in temperature of thedischarae through .ixing with the 
receiving waters before it reaches the surface of the estuary. 'l1le 
results of the analysis are generally quoted in teraS of di1ution 

iven a u on rat 0. the ur t ra e 
of a discharge can be cogpyted if the t..,.rat~re of t 

water at the power plant intake. the aabient t-.perature at the 
discharge. and the rise in temperature a~ross the condenser are 
known. 

4.07 Near-i.1eld analyses cannot take into account such lonaer 
range phenomena as the recirculation of cooling water fro. a plant's 
discharge to its intake or the cumulative thermal interactions of 
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power plants on a c~mon body of water. A study of these effects 
requires the application of far-field techniques. One-dimensional 
techniques generally yield a broad ovet4iew',and indicate where a more 
detailed investigation might be warranted. A two-dimensional or 
near-field-far-field analysi~ then is needed to study the spatial 
variation of temperature or any other relevant parameter in suffi-
c ien t detail. 

The Hudson River Estuary 

4.08 Hydraulic and thermal analyses of the Hudson River estu
ary are rendered complex by the reversals in flow due to tidal 
action. Under conditions of reversing flow, the phenomena of reen
trainment (the ambient water diluting a discharge is at an elevated 
temperature as a r'esult of receiving the discharge or a separate 
thermal discharge at an earlier tidal phase) recirculation through a 
power plant and alternating multiplant interactions become important 
considerations. The locations of the thermal plumes change continu
ously in large portions of the river and quasi steady-state thermal 
conditions may be attained only after numerous flow-reversal periods. 
Field surveys ere difficult to conduct under these conditions since 
an accurate representation of temperature over a substantial portion 
of the river would require deployment of a large number of boats, 
personnel, and equipment. 

4.09 Further, a determination of whether a particular thermal 
discharge causes certain regulatory criteria to be exceeded is ren
dered difficult by the presence and possible influence of other dis
charges to the river. The New York State Criteria refer both 
explicity and implicity to conditions that prevail or would prevail 
in the absence of a thermal load of artificial origin. Without 
revers'ing flows, natural temperatures are generally a fair represen
tation of the undisturbed conditions in the river. If the flow 
reverses periodically, on the other hand, natural temperatures can be 
determined only by field measurements taken at "reasonable distances" 
eith~r upstream or downstream of the plant. the situation on the 
Hudson River is such that the zo thermal influence about exist-
1n wer p an s over ap Makin ossible to ascerta1n throu 
measuremen s a one t e degree to natural conditions are altered 
by each 1ndividual plant. 

Lo~al Thermal Analysis at the Bowline Point and Roseton 
Generating Stations 

4.10 The local dilution characteristics of the thermal dis
charge from the Bowline Point station <near-field analysis) have been 
~xamined ~n the basis of numerical simulations and available field 
data (A.pendix E). The analyses show that (surface) dilution ratios 
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for the Bowline Point diffuser vary from approximately 2to a maximum 
of 6 (Appendix E). Values in the low end of the range apply when 
flow in the river is predominantly parallel t& the diffuser, that is, 
under conditions close to flood tide. The higher values apply at or 
near ebb tide and high slack water. Since the temperature rise 
across the power plant condenser is nominally 15 F, an excess tem~r
ature of 7.5 F at, the surface near the diffuser could be experienced 
under worst case conditions. 

4.11 Dilution ratios for the Roseton diffuser are estimated to 
range from 3 to 6 (Appendix E). Thus, with a temperature fise of 18 
F across the condensers of the Roseton station, the maximum excess 
surface temperature in its vicinity would be 6 F. The near-field 
analysis also indicates that the thermal plume from the Danskammer 
Generating Station at plant loads below 60 percent of rated capacity 
does not penetrate th~ Roseton discharge area. With the Danskammer 
plant operating above this power level, the thermal plumes overlap, 
and predictions :of the maximum surface temperatures that result 
cannot be made by means of near-field simulations. 

Analysis of Cumulative Impacts of all Generating Stations 

4.12 The overall thermal effect of power plant operations on 
the entire Hudson River estuary (far-field analysis) has 'been 
assessed through the application of a tidal-transient computer simu
lation model. All the important natural and power plant induced 
effects that can influence the thermal conditions in the estuary are 
considered in the model and its associated computer code ESTONE. The 
model is one of the general one-dimensional "Unified Transport 
Approach" models beii! developed specifically to assess the thermal, 
chemical, radiotoglC~, and biological impacts that operating power 
plants exert on the aquatic ecology of large receiving water bodies. 
Details ter model are iven in th aft EIS A ndix E and 
in Appendix E of th s report. 

4.13 The far-field analysis of the Hudson River estuary focuses 
on the 6-month portion of the year from 1 April through 30 September. 
This period is considered the most critical with respect to the life 
cycle of the striped bass and certain other fisRes of the Hudson 
River. Further, the highest natural temperatures in the estuary 
prevail within this period and the possibility is greatest that the 

~ 
I ~thermal discharges from the power plants would give rise to tempera
~ tures in excess of regulatory criteria. Data collected in 1973 and 

~ 
1974 un~erlie the analysis. Informatiqo relatina to the pbyiicaJ r 

~A. conditions of the river (tteshw idal conditions atmos-
~~? pheric con tons an so on is used both to validate the model and 
~-- to assess the thermal effects due to ower • Operational 

n ormation on t e power plants is used to predict temperature 
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distribations in the estuary on the basis of physical conditions pre
vailing in 1964 (a drousht year) and 1974 (a year of more typical 
flow). 

4.14 For aodeling purposes, the Hudson River estuary from the 
Federal dam at Troy to the Battery (152 miles) is divided in 76 
discrete elements, each 2 miles in length. Numerical solutions of 
the equations incorporated in ESTONE are derived in time steps of 
0.0625 hours. The computed results are stored at every 16-time step 
inte~val, providing a temperal resolution of I-hour over the 6-month 
simulation period. Daily-average conditions are derived from hourly 
values. Computational details of the model are given in the Draft 
EIS, Appendix E, Section 3.4.2, and in Appendix E of this Final EIS. 

4.15 Results of the Far-Field Analysis for 1974 Conditions. 
Several cases are considered in the analysis to evaluate the thermal 
effects associated with each power plant and their cumulative effects 
on the estuary (See Draft EIS. Appendix E, Section 3.4.5.2). These 
cases are: 

• Case 1 - "Clean River." This case establishes the conditions 
that would have prevailed in 1974 if no artificial heat load 
had been imposed on the river by any power plants. The 
results provide a baseline or point of reference to compare 
the results of the. analysis to regulatory criteria that 
relate to natural conditions. 

• Case 2 - 1974 Conditions. Data collected in 1974 are used to 
simulate the effects of power plant operating during that 
year. 

Case 3 - Proposed Kaxiaum Thermal Load Conditions. 
of all 

• 

Case 5 - Clean River with Only Roseton and Danskammer Power 
Plants. This simulation yields an estimate of the contribu
tion of the R08eton and Danskammer stations to the thermal 
loading of the river. 
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• Case 6 - Clean River wit~ Oply the Bowl~ne Point power. 

Plant. This siaQlation'yields an estimate of the 
contribution of the Bowline Point Generating Station to the 
thermal loadina on the river. 

• Ca.. 7 - ProP04le4 ~~ Tbe~l Load (.... in Caee lJ Except 
Bowline Point Station Point wi tb Cloeed-Cycle Coolina. A 
comparison with the results of Case 3 provides an estimate 
of the reduction i~' the thermal loading of the estuary that 
wou~d result fro. the installation of closed-cycle cooling 
at the Bowline Point station only. 

• 

• Case 8 - Proposed MaximWl Thermal Load (a8 in Case 3) Except 
Indian Point Power Plant with Closed-cycle Cooling. A 
coapariaon with the re,u~ts of Case 3 provides an estimate 
of the reduction in the tberaal loadini of the estuary that 
would result from the installation of closed-cycle cooling 
at the Indian Point station only. 

4.16 The re8ult8 of the simulations show that water tempera
ture. in exces8 of the reaulatory criteri9n of 83 F could occur 
under physical conCii.tions simla,r totbose -prevailing in 1974 (see 
Table 3.4 .• 13 in Appendix E of the Draft EX.). hedlct td usc"es 
occur in the 2-.1le ..... nt of the rive in the viciD1t of Indian 
Po nt a are's t' Maximum temperatures 
of 83.80, and 83.42 F are pr~d1cted in Cases 3, 4 and 7, 
respectively. The last of these indicate that the 83 F criterion 
would be exceeded under proposed maximum thermal load conditions, 
regardless of wbether or not a closed-cycle cooling system is 
installed at the Bowline Point station. The maximum temperature t~t 
would occur in the critical 2-.1le segment without an artificial heat 
load (clean river conditions) is predicted to be 80.49 F. The 
contribution from the Bowline Point and the Roseton-Danskammer 
stations would-raise th1smax1ilum by -o.-4 ..... d 0.3 F, respectively. 

.......... ...', ~ 

4.-17 . More specifically, the results of the simulations, based 
on the physical conditions prevailing in the estuary in 1974 snd~,.~. 
daily-averaged, cross 8ection-averaged and (2-mile) segment-averaged 
t~peratures, are: 

(1) 

(2) 

Under proposed maximum thermal loading of the river (Case 
3, all ex1atina power plants with open-eycle cooling, 
Greene County plant with cloled-cycle cooling), the regu ... '" 
latory criterion li.tting temperature increases to 4 F v 

above natural conditions would not be exceeded. 

Under full once-through cooling load (Case 4) the same 4F • . 

...... 

regulatory criterion would not be exceeded. . .... ~.,". ,: .; 
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(3) Under Case 3 conditions, the regulatory criterion limiting 
the maximum temperature. over 50 percent of the 
cross-sectional area of the river to 83 F would be 
exceeded. 

(4) Under Case 4 conditions, the same 83 F regulatory criter
ion would be exceeded. 

(5) Conditions prevailing under Case 3 would not be alleviated 
by the installation of closed-cycle at the Bowline Point 
station alone to the point where the same 83 F regulatory 
criterion would be met. 

(6) Conditions prevailing under Case 3 would be alleviated by 
the installation of closed-cycle cooling at Indian Point 
stations alone to the pOint where the same 83 F regulatory 
criterion would be met. 

(7) Operation of the Greene County nuclear station with once
through cooling instead of the proposed closed-cycle 
cooling would not appreciably raise the temperature in the 
critical 2-mile segment of the river between Bowline Point 
and Indian River. 

4.18 In summary, the far-field analysis for 1974 conditions 
indicates that the thermal conditions in the Hudson River estuary, 
with the existing configuration of power plants and the configuration 
expected in the near future and under typical physical conditions of 
the river at the warmest times of the year are very close to the 
limitations stipulated by New York State thermal criteria. 

4.19 Near-Field-Far-Field Analysis of 1974 Conditions. On the 
basis of findingJ of the far-field thermal analysis, a 10-mile sec
tion of the Hudson River along which the Indian Point, Lovett and 
Bowline Point stations are located, has been selected for detailed 
analysis (Draft EIS, Appendix E, Section 3.5). A systematic zone
mat~hing methodology is applied to study the two-dimensional (with 
results integrated over depth) temperature distributions in the 
vicinity of the Bowline Point, Indian Point and Lovett stations. The 
analysis relates to Case 3; namely, operation of all existing power 
plants at full rated capacity and with once-through coolin t e 

roposed Greene County nt with closed-cycle cooli 

4.20 The results of the near-field-far-field analysis in the 
vicinity of the Bowline Point station indicate that certain New York 
State regulatory criteria would be exceeded occasionally. SpecifiC 
findings based on the river conditions of 4 August 1974 (Draft EIS, 
Appendix E, Section 6.1.3) are: 
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• Critical thermal conditions in the Hudson River in the vicinity 
of the Bowline Point ,tat ion will occur generally during the 
afternoon and evening hours, between 13:QO and 22:00 hours, on 
various days in July aud August. OperatIon of the station gives 
rise to temperatures in the ri.ver in excess of regulatory 
standards by virtue of (a) the occurrence of surface 
temperatures in excess of 91 F (90 F limit), (b) the occurrence 
of temperatures of 84 F (83 F limit) over one-third of the 
surface as measured from water's edge, and (c) the occurrence of 
temperatures of 84 F (83 F limit) over 50 percent of the 
cross-aectional area or volume of the flow'of the estuary. 

4.21 Results applicable to the thermal distribution in the 
Hudson River in the Vicinity of the Indian Point station, again based 
on natural conditions prevailing on 4 August 1974, are: 

Critical thermal conditions will occur generally during the 
afternoon and evening hours between 1300 and 2200 hours on 
various days in July and August. Operation of the Indian Point 
station with once-through cooling will give rise to temperatures 
in excess of regulatory standards by virture of (a) the 
occurrence of surface temperatures of 84 F (83 F limit) at the 
surface of the river from water's edge to water's edge (limit of 
one-third of the surface) and (b) the occurrence of temperatures 
of 84 F (83 F limit) over 100 percent of the cross-sectional 
area or volume of flow (50 percent limit). 

4.22 Results of the Far-Field Analysis for 1964 Conditions. In 
response to comments received on the Draft EIS, a far-field computer 
analysis bas been carried out for the low-flow drought conditions of 
1964 reene County power plant as een can-

the publication of the Draft EIS, this power p~l=an~~ __ 
removed from the model ns for the 1964 conditions. C Results of the 

are g ven in Appendix E. 

Three cases have been considered: 

• Case 1 - "Clean River. 00 This case establishes the condi
tions that would have prevailed in 1964 if no artificial heat 
load had been imposed on the river by the operation of any 
power plants. The results provide a baseline or point of 
reference to compare the results of the'analysis to 
regulatory criteria. 

• Case 2 - Rated Load. Operation of all existing power plants 
at 90 percent of rated capacity with once-through cooling. 
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• Case 3 - Projected Load. Operation of the Bowline Point, 
Indian Point, Lovett, Danskammer, and Roseton stations atl 
power ,levels projected to be typical averages in the future 
(projected power levels supplied by the Utilities). The 
power level for Indian Point, Albany Steam Station and 59th 
Street Power Plant were set at 90 percent of rated capacity. 
All power plants were simulated with once-through cooling. 

4.23 The computer simulation results for the longitudinal 
distributions of water temperature conditions along the estuary for 
the projected load and rated load cases were compared with the "clean 
river" case to determine the far-field thermal impact of multi-power
plant operation on the Hudson River during the six-month period 
1 April - 30 September 1964. Since the computer simulations were 
begun on 1 April 1964, the month of April was not included in the 
considerations of the far-field thermal analysis because quasi-steady 
state thermal conditions were not reached during one month. There
fore, the computer simulation results for the longitudinal distribu
tions of water temperature conditions along the estuary were 
considered for the period 15 June - 30 September 1964. 

4.24 Simulation results were calculated for: 

• daily-averaged, cross-section-averaged water temperature 

• daily-maximum, cross-section-averaged water temperature 

• daily-averaged surface water temperature 

• daily-maximum surface water temperature 

The results were presented graphically as 

• longitudinal distributions of water temperature conditions 
along the estuary on midmonth and endmonth days during 15 
June - 30 September 1964. 

• daily variations of the local water temperature conditions 
at Indian Point (model element 55) and Bowline Point (model 
element 58) during the six-month period. 

4.25 Examination of the computer simulation of longitudinal 
temperature distribution along the Hudson River indicates that the 
gre~test effect of power plant operations under 1964 river flow 
conditions occurs in the portion of the river between Bowline Point 
and Indian Point, which is effected by the discharge from those 
plants as well as the Lovett station. Simulation results also 
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indicate that New York State standards governing thermal discharges 
would4be violated in this reach of the river by operation of the 
power plants with once-through cooling under 1964 river flow 
conditions. 

4.26 With respect to the temperature standard specifying a 
maximum water temperature increase. of 4F When the natural river 
temperature is less than 83F, violations occurred only under the 
Rated Load case near Indian Point for three to eight day periods 
during June and September. Violations were slight, however, with 
4.4F being the greatest temperature increase occurring. Violations 
of this magnitude would be within the error limits of the model. No 
violations occurred under the Projected Load case. 

4.27 Violations of the criterion restricting the maximum water 
temperature increase to 83F occurred for estimated periods of 9 to 40 
days during June, July, and August near Indian Point and Bowline 
Point. Violations occurred under both the Projected Load and Rated 
Load cases. 

4.28 Violations of the criterion limiting maximum water 
temperature increases to 1.5F when natural river temperatures are 
greater than 83F occurred near Indian Point and Bowline Point under 
both the Projected and Rated Load cases. Violations for estimated 
periods of 10 to 30 days occurred near Indian Point during June, 
July, and August. A Violation occurred during an estimated 10 day 
period in late July and early August near Bowline Point. 

Summary Conclusions of Thermal Analysis 

4.29 The following general conclusions may be drawn from the 
overall thermohydraulic analysis of the Hudson River Estuary: 

(1) During years of normal river flow, water temperatures in 
the river will occasionally and under certain natural 
conditions exceed applicable New York State standards as a 
result of the operation of all existing plants at full 
power and with open-cycle cooling. 

(2) During drought years, water temperatures in the river will 
exceed New York State standards as a result of the opera
tion of all exi8ting plants with open-cycle cooling and 
at average power level le8s than full rated power. 

(3) Maximum temperatures will occur in the Vicinity of the 
Bowline Point, Lovett and Indian Point stations. 
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(4) Use of cooling towers at Indian Point would have the 
greatest effect on reducing water temperatures in the 
region of the river between Bowl1ne Point and Indian Point. 

(5) Excesses in temperature over regulatory criteria are not 
inordinate under normal flow conditions, but increase with 
decreasing flow "of fresh water in the river as would occur 
during drought years. 

Flow Regime of the Hudson River Estuary 

4.30 Although the direct consumption of water at the Bowline 
Point Generating Station and at other generating stations on the 
Hudson River estuary is small, the heat load imposed on the river by 
the operating power plants promotes evaporation at a rate greater 
than would naturally prevail and effectively results in a consumptive 
use of the water resource. The rate at which additional losses of 
water are incurred is determined by a large number of factors, 
including the characteristics of the thermal plume and prevailing 
meteorological conditions. The U.S. Environmental Protection Agency 
estimates that, as a general rule, the rate of evaporation of water 
associated with a once-through cooling system is 1/2 to 2/3 the rate 
of evaporation from a mechanical draft evaporative cooling system in 
comparable service (39 FR 36193, 8 October 1974). Assuming further 
that 75 percent of the heat rejection from a mechanical draft system 
is effected through the mechanisms of evaporation, the evaporative 
losses associated with the Bowline Point station amount to an esti
mated 7 to 12 cubic feet per second (computed at a latent heat of 
evaporation of water of 970.3 BTU per pound at 1.0 atmospheres and 
77°F). 

4.31 Upper estimates of the water losses resulting from the 
operation of all the existing power plants on the Hudson River estu
ary with open cycle cooling are: 
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HEAT IlIJECTION' 
RATE WATER. LOSSES 

(Billion Btus Cubic Feet Million Gallons 
GENERATING STATION pel' hour) Per Second Per Day 

Fifty-ninth Street 0.34 0.8 0.52 
Bowline 5.17 12 7.8 
Lovett 2.38 5.5 3.6 
Indian Point 13.3 30 19 
Roseton 5.92 14 9 
Danskammer 2.97 6.8 4.4 
Albany 9.82 4.2 2.} 

TOTAL 31.9 1:3 47 

4.\32 The total estiated 1088es of the order of 70 cubic feet 
per second are small in comparison to the average annual flow of 
13,000 cubic feet per second &aged at Green 181and (National Commis
sion on Water Quality, 1975). It may be w.11 to note that the flow 
at Green Island represents the major portion but not the entire flow 
of fresh water into the lower Hudson River. As indicated previously, 
the oscillating tidal flow in the estuary can exceed the flow of 
freshwater by a factor of 10 to 100, making these losses of even 
lesser significance when the rejection of waste heat gives rise to 
the evaporation of bracki8h or saline water. 

4.33 In teras of the flow regime of the lower Hudson River, 
the evaporative losses of water caused by the rejection of waste heat 
from existing power plants are considered to be negligible. The same 
conclusion is expected to hold true if and when closed cycle cooling 
systems are installed at the Bowline Point station and other eligible 
power plants in accordance with the requirements of 40 CPR 423. 
Evaporative consumption at those plants is then expected to be 1.5 to 
2 times the values given above. Clearly, however, there would be a 
limit to the additional waste heat from future steam electric 
stations that could be accommodated without appreciably affecting the 
movement of the salfront or other hydrologic characteristics of the 
river or substantially depleting the freshwater resource. 

Water Quality 

4.34 The operation of the Bowline Point Generating Station and 
other generating stations on the Hudson River estuary is a potential 
cauS(' of degradation in the quality of the receiving waters as a 
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result of the discharge of heat, residual quantities of chlorine in 
the cooling water, and contaminants in the various liquid waste 
effluents from the power plants. Liquid wastes are discharged in con
trolled amounts both during normal operations and during periods when 
the power plants are shut down for maintenance. Limitations are 
imposed on the properties of the discharges by the National Pollutant 
Discharge Elimination System permits authorizing the discharge of 
liquid wastes from each of the stations. Further, these limitations 
reflect "the degree of effluent reduction attainable by the applica
tion of best available technology economically achievable" (40 CFR 
423) at the Bowline Point and Roseton generating stations and other 
eligible facilities, as required by the Water Pollution Control Act 
Amendments of 1972 (PL 92-500). 

Bowline Generating Station 

4.35 Liquid effluents from the Bowline Point Generating Sta
tion meet all the limitations imposed by the current National Pollu
tant Discharge Elimination System Permit (Appendix B) issued to 
Orange and Rockland by the u.S. Environmental Protection Agency, 
authorizing the discharge of liquid wastes from the station. Ongoing 
surveys at Bowline Point show that water quality is not being 
affected measurably and that applicable water quality standards 
established by the State of New York are not being violated as a 
result of the operation of the plant. A summary of the principal 
characteristics of waterborne effluents from the Bowline Point Sta
tion is given in Table 4-1. A more detailed discussion of waterborne 
waste streams from Bowline is given in Appendix D. 

4.36 Discharge of Chemical Compounds and Sanitary Wastes. 
Releases of chemical coapounds associated with the operation of 
Bowline generating station are primarily those stemming from boiler 
blowdown. Estimates indicate that residual quantities of chemical 
compounds present in the blowdown will occur in receiving waters in 
maximum concentrations ranging from 0.01 and 0.25 milligrams per 
liter (Orange and Rockland, 1974a). While some of the chemical 
compounds that might be discharged in the blowdown from the Bowline 
Point boilers (hydrazine. disodium phosphate. sodium hydroxide, 
sodium sulfite and cyclohexylamine) and certain derivatives of these 
compounds are known to be toxic to aquatic life (U.S. Atomic Energy 
Commission, 1973). there are no reports of toxic effects associated 
with such contaminants at concentrations likely to be encountered in 
the Hudson River as a result of the discharges from the Bowline Point 
Station. 

Sanitary wastes from Bowline are discharged to the 
Haverstraw muniCipal sewage system. 

4-13 



TABLE 4-1 

CHARACTERISTICS OF WATERBORNE EFFLUENTS FROM 
THE BOWLINE POINT GENERATING STATION 

DISalARGE 

WASTE STREAH 
FREQllEIICY RAT! DISPOSAL 

PRIIICIPAL CllAUCTERlSTICS OF THE DISCllAJGE 

PROPERTIES EFFLUEIIT LIHITATIORS IIIPOSED 
BY RPDBS PERNIf 

Ccmdenaer cooling water Continuous 768.000 sal Ion. Hudson Rlver Heat add1tioa. rate: S.6 billion 5.8 bUlion Btu per hour 
per .. inute Itu per hour 

Maxiau. te~.rature: 91.5F 

leaperature rlae: 1l.SF 

Free available 0.1 .Ul1Ir ... 
chlorine: per liter, 

.... i_ 

Chlorination Occaaioaal. 8. 
schedule: required; aus

pended ....... 
vater t .... r.
ture 18 below 
SOP 

pH: Allbi.nt I'lftl" 

VelOCity at 
tra.Uina acreena: 

au and Ir ... e: Rone addad 

SoUa: lIDo. aAldad 

10ZF 

23F 

0.2 .1111,1"'" per UteI' 
aaxt.tm.. 48.5 poWld. 
per day 

ChlorinatIon 8uspended 
when ",ater te..,erature 
18 below 50F 

6.0 to 9.0 or 0.2 pH _it. 
yaluation fro. intake 

0.77 f •• t per •• cOIld 
aut.... 4a111 aver ... 

a.... dioeharaed 

JIo deposit ion or dala
terloa effects 

Allbient .tandards Applicable Applicable Rev York State 
ln recalvina vatera: .ew Yort State at_daru 

standard. 

8011er blovd ..... ODe. daily 121,000 .a11ona Budeon liver Trace quantitiae of: HydraziDe, All U .. 1tetiona appll-
.ocIiUII .ulUte, cable to cOIldenaer 
dJ.aodiUli phoe- eoolinl vater 
ph.te, aocll .. 
bydrozlde, 
cyclobeJcyl_ine 

pH: 8.0 to 9.5 

Prefilter backvuh, «>D.c.e weekly IO,SOO lallona Hud_on River Suapended aolida: Filtereel froa All Uait_tiona applicabla 
wat.r tr.at.eDt ayate. pel' wuh ...... iei.,.l water to condenaer cool1D.1 

Service water au'a1Der Twice 
backwaah weekly 

Ai I' preheater 
w .. hdowo 

Boiler Hal troulb 

Da.1a.eraliHra rel_e
ratioa., vater trea~ ... t 
.yatell 

Once 
quarterly 

ContiDuous 

Boller cl.anina vut.a Once 
, .. rl, 

Plant laboratory la.ter-

Sanitary waate. 

Storatater runoff 
fro. 011 ator.,e are 

Idttent 

lDter
.ittent 

IDt.r
alttent 

CoOUA& tower blovdown. CoDtinuoua 

9.000 .. l1ona Hudaon Jtiver Su.pended aoUda: 
per vaah 

1,800 lal1011a Hud.on River Solida: 
per wuh 

pH. 

15 IIOU- Huciaon ltiver Soli": 
per .inute 

17,000 •• Uona Municipal Solid.: 
per relenera- e_e 
Hon treatMnt 

plant 

pH: 

Off site 

_icipal 
a··la 
treat_Dt 
plant 

_1c1pel 
_ae 
treatBellt 
plant 

IUnucaooao au and Ireu.: 
Creek to 
Budaoa River 

eupply vater 

Acc .... l.t.d 
river dtlbria 

All l1a1tatioa.a applicable 
to coaden.Mr coolinl 
vatat' 

Suepended and All U.-itationa applicabla 
diel801ved pro- to coDd •• er cool1D. vater 
duct. of 011 
c~uatlOli. 

Acidity 
1nc:r ..... froa 
3.5 t. 1 durio, 
eada vulHIown 

AIIh 

D1aolved eo
diUli 8ulpbate 
atneral .. Ie. 
• .-peaded .icro
.i"eel panicl.a 

Neutral 

All 1I.1Iit.<I. .... ppliceble 
to COGd.llMr cool111a _tar 
_. AppU.able 

loa •• pplicable 

Noa.e applicable 

_ appU.able 

15 allli.r .. par liter 
.veraaa, 20.tlliar .. 
p.r UteI' aaxt.. 

6,600 ... llona Hudaon Kiver Heat add1t1oa r.te: O~06 Itu per 0.090 bUU .... Btu per 
hour OctoNr throuah *Y. 
0.015 bUli .. Btu per 
hour JW2e chrouah 
Sept.-ber 

per ainute hour 

llaaba blowd_ 99r 
t..,.ratu1'e: 

Toxic vaate. and 
delaterioua 
aub.tance. 
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4.37 Surface Runoff. Stor.Nater runoff from roofs. yards. 
roadways and parkins lots i. diacharled to Mlnisceonso Creek and the 
Hud.on liver tbroup the wtatlon dral ..... ay.t.. Runoff f~OIl the 
fuel storage faciUty 1. co1t.cted in a 2,000 pllon auap. Collected 
.tormwater i. IIOnito'l'ed by _as of an oil cJetectoraad. in.,.t cir
cU1l8tance.. i. proces.ed ", an 01l-wat.r .. para tor even when the 
concentration of oil i. below the li.i t stipulated in the National 
Pollutant M.cbar,. 11111111&tion 8y.t_ pal'll1t (a _xiaua concentra
tion of 201lllllsr_ par Uter of oil aDIl ar .... aDd a daily averaJe 
concentration of 15 11111111'_ per Ut.r). rollowins exc.ptionally 
heavy precipitation, the ,..oce •• i1ll way b.suapelldad if IIOnitorins 
indicate. tbat the eli.obara- would •• t the rqut.·tory l18itation •• 
Wa.te 011 rec0'9.red fr_ ehe .. para tor ia coll.cteclperiodically for 
di.po.al by a c~rcial wa.t. contractor. Dear.elation of Hudson 
'River water quality fr_ the" .. sourc •• will be .. 11 compared to the 
magnitude of other ... t •• trea .. entering the river. 

4.38 CbloriDatioa. Chlorination i. not ne.ded at Bowline on a 
regular schedule. Wilen chlorine i. .dded, preclictiona (Oraage and 
Rockland, 1974) inelicate that re.idual quanti tie. of fr.e available 
chlorine at concentr.tione of 0.1 1111111.'" per liter diluted 
further in the receivins wat.r. aDd r.duced in ttme through c:he~cal 
reactions aDd atllO.pheric loa ••••• hould not be toxic to aquatic 
organi .... 

4.39 jabient wat.r Quality in Rec8iviDl Watera. Surveys of 
water quality have "en tllproar •• s in the Vicinity of Bowline ancl 
Lovett generetina .t.tiona .ince 1971 (ora ... and Rockland. 1974a; 
1975; 1976). Meuur_llt. of approzi_tely 30 .tanetard water quality 
parameter. have been .. de ODe. a .outh since .td-June 1973. A 
sUID_ry of data on .. l.cted par_tera oba.ned durina 1974 and 1975 
together with pertinent _tail. of the • ..,Ung proar- are liven in 
Appendix D. 

4.40 Several y.ar. of water quality 1IOnitorina of the Hudson 
'River in the vicinity of Bowline Point confira the re.ults of predic
tive analy.es aDd pra1i1linary conclu.lou of earlier, le.s coaplete 
surveys ...... 1, that the waterborne di.char ... fro. the Bowline Point 
station caulS no ...... ble cleiTaclation in the quality of the receiv
ing waters of the lIwlaon Uver. Apart froa teperature. there are no 
obeervat1oaa tbat would iDelieate • chatII. in .ny of the lIOnitored 
par ... tera *ttr1butable cI1r.etly or indirectly to the operation of 
the Bowline 'oint .t.t1on. 
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4.41 Di.aolved oxYlea' at. thepl8llt. elischarae. is ••• nail)' ,equal.:. 
to or.re.ter th.a that· .... v .. d.t tile othK ... plina •. tatiJ)D., : ' 
implyiDg that the circuladq:_t:er .y.t.· dou Itbt directly -l~r 0.1' 

adver.ely affect the le .. t' ·of"IIi.lIDlved .os)'atm i.a;~ J:'iv.~. Th,e '. 
observed IIODtbly value. fOiUow; :tbeWltll kl\DWl\. : ... uoqaltra,ad of· . 
decrea.illl dialolve.t'oXJle1l' levels with iac .... i ... _i.,..t: ri~r 
t_per.ture., reachilll • 1_ pow of, the 01'd8 0.','" ,uliU .. r .. · pil!r . 
liter inaid.u.er .Dd .• tiiab 13 'lIilliar .. ,.r ilt~~e~ ill "ipteJ,". ,'. 
Sample v.luel below 'S~Oai1U.r_ !p8r.U:t8r: (.t\Iae .pplic~l.New York 
State st.Ddard)hav ...... ' GMeri'Nd."ktr-. lQ.1f ,r.a.4in.., of 4.8 
millisr •• per H·ter ill tt..lCnN.iae ,toialt.cn.DAUtl .a.c:\ 4,..5 Jli,lUlrMlS 
per liter in BowlinePoDd •• recorcleclfo-r 1,14.",4 ,lg1S.re.~c
tively, and .re probably a re.ult of-eutrophic coa4itioa. in the 
river. 

4.42 Ob.erved, pH "J.. •• RQV ... "JIJ.e4 ,clUf4!y:'.-ace. ~ in ~he , 
measurellenta •• da .t eaoh'.': th,·.tatioa.. i "",. pH' h tel.t~v.ly cou
stant throuihoutthe ye.r -with an • .,ev .. e v.lue of.pproxu..tely 7.5. 
The extreme'ranae ofp. iathe i..~Uvi4".1.ob.ervationl .. de in the 
2-yeat period ia: 6.8 to 8.0.' . 

4.43 The ongoing lurvey in the vicinity of Bowline Point' con~ 
firms the f.ct th.t the w.ter. of the lower Hud.on River .re rich in 
nutrienu. ..·.wed, val .... ,of:, total nitro ..... (fli~I'.~. P~"'. ~je14.hl 
ni trosea)' aad tootal: ·p~"Oft. "are of 'tH ..• ·~_ib :oY l: ailUii-., per . 
liter and' O~l IIU'Uare pwl(:tur, r .... ctiv.ty.: ~.,th. incl'~a,ti"e of • 
eutrophic .yat. (U'.S~· Q)UD~il· balairiro..-ntal Qu.lity. '1916). 
Occasional low valuea of ibMl., •• oa"eu OC",ur D!8tural1y in, luch. 
s ys teals. Wh ile theeuh!Opltic' caM i tiolll ,in· ,~be r,ivN: canlloOt. ~e 
related to the operati." Qfth., Ie.,Une roinJ:t Ge.eratina Stati,.,n,. 
these are the most likely c.u.e of the infrequent oblerv.tion., of 
dissolved oxygen value. below 5.0 milligrams per liter. 

, , .., :~. 1 _, .\0. : ".., • 

4.44 Yearl, avarat* ",udNnt.o~·,feQal. coliforaa at the .four 
sampling .tationa ruaad .,proxWteJ.y b~.;600 ~D4 i,s'oO c&1l1 
per 100 millUUer.' ilt:;19:14 anckbKw •• n 45():~ 1,..400· ,eouat. per 100 
milliliter. ia 1915. Mu.uw.ent. O,A .~l\4~l".~Jlu.l. .• "P~ .eXh~bl.t iauc.h 
larger vari.tiOD. with :Ob .... rv.tiODIJ:: .. iq M. ~lIh :.,.. ~ .• OOO to .8,000 
cella per 100 _1lLliterl.' 'l'be •• r ... , 1n.~.:~reIMerdlJ .,1.ower. ' 
th.n • leo.tric .... of· 2;.QOO_c4tU~. "I' .,~QOt~ll~l,i~~.r.r¥Aiiia~Q.~ed 
for public w.ter .upplie. (U.8. Enviromaental P"rotection ..... c7, 
1973), but hi,her th.n 100 celli per 100 milliliter. con.idered 
desir.ble in b.thin, water. (U.8. Council on Environmental Quality, 
1916; U.S. Environment.l Protection Agency, 1916). 

4.45 Among the heavy met.l. monitored in the vicinity of 
Bowline Point and Lovett Gener.ting St.tions, chromiua and lead were 
not found in 1975 .t level. above 0.10 and 0.08 milligrams per liter, 
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respectively, the liaits of detectability of the particular methods 
employed in the survey (Oranae and lockland, 1976). Observed 
concentrations of ziue raaaeci fra. values Ius th,anO.l0 lllilligra 
per liter to 0.29 .tlliar .. per liter and concentrations of iron 
ranged f~QB values lass than 0.03 to 3.53 milligrams per liter, with 
a yearly average of apprGxiutely 0.65 lIilligr_ per liter. 

4.46 lapac' on ... , .. t Water 9yality. Waterborne discharges 
from the Bowline Poiat Generatiaa Statioato the Hudson River are 
made into waters classified by the'State of New York as SB or suit
able for bathing and other usaaes except shellfishing for market 
purposes (Parts 700-703, Title 6, Official Ca.pilation of Codes, 
Rules and Regulations, Rev York State). Applicable standards for 
Class SB waters are the following: 

IEe_ 

Floating .olid.; settleable 
sol~ds; oil; sludge 
deposits; solids 

Garbage, cinders, ashes, 
oils, sludge or other 
refuse 

Sewage or waste effluents 

Dissolved oxygen 

Toxic wastes, deleterious 
substances, colored or 
other waste. or heated 
liquids " 

Specification 

None attributable to sewage, 
industrial wastes or other 
wastes 

None in any waters of the 
.. rine district as defined 
by State Conservation law 

None which are not effectively 
disinfected 

Not less than 5.0 parts per 
IIi 11 ion 

None alone or in combination 
with other substances or wastes 
in sufficient &DOunts or at" such 
t .. peratures as to be injurious 
to edible fish or shellfish or 
the culture or propagation 
thereof, or which in any manner 
shall adversely affect the 
flavor, color, odor or sanitary 
condition thereof; and otherwise 
none in sufficient amount to make 
the waters unsafe or unsuitable 
for bathing or ~ir the waters 
for any other best usage 8S 

dete~ned for the specific 
.. tera ~ich are assigned to this 
class 
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4.47 the liquid effluent. fra. the .tation currently lead to no 
violation of applicable wat.r quality'.tandard.. Iuclividual water 
samples take. in the .icinity of the .tatio. inclicate that the 
disaolved oxy.ea level ocee.ionally _ad locally dropa below the regu
latory liait of 5.0 parta per 1Iillioa. This phena.enoa .. y be 
attributed to the eutrophic con4ition. of the Budaon .iver. 

4.48 It ia anticipated tut the li .. i4 ·efflunC. ·fr. a 
closed-cycle coolina .y.t .. i.etallea at the iovliae Poiat Station 
would reflect the applicatioD of the be.t a.ailable t.chnology eco
nomically achie.able (40 cra 423.13) aqd, .Lailarly, would not lead 
to violations of water quality.tandard. in receivina waters. 

Roseton Generatina Station 

4.49 Data on the ..... of cla_ic.l CCIIIpOllnda at the Roseton 
generating sfaf10n are available only for 1974, a year of partial 
operat1oil of bill,. obe Uit <&f, .. db .~. All enemdal ditch.rae. 
will meet the requireaent. of Wational Pollution Discharge'liiai
nation System permit authorizing the di.charge of liquid wastes 
from the Roseton Generatina Station. Operational data are not yet 
available to assea. the effect of chea1Cal dilcharges on the e.tu
ary in the vicinity of aoleton, but preoperational monitoring data 
have found no effect. attributable to di.charaes from the nearby 
Danskammer plant. No effectl are likely from the Roseton dilcharge. 

4~~0 Chlorination. Chlorination has not been uled on a regu
lar schedule at Roseton since the early weeks of operation. When 
added, dosage is the .. xiaum quantity that can be added without 
exceeding the limit- of 0.5 milliar ... per liter free chlorine resi
dual required by New York State water quality standards. 

4.51 Ambient Ri.er Water Quality. Available data doea not 
include the period of relalar operation of the Roseton power unitl. 
Several yearl of preoperational aonitoring data in the vicinity hal 
found no change., in water quality attributable to the operation of 
the nearby Dans~r power pla.t. Waterborne discharaes from the 
Roseton facility are, likewile, not expected to alter ambient river 
conditions as they prelently exilt. 

Cumulativel!pactl 

4.52 The liquid efflueata fre. the Roseton generating station 
(Central Hudson, 1975) aDd other ste .. electric facilities on the 
Hudson River •• tuary contain re.iduals of chlorine, oil and areale" 
combustion products, and a variety of cheaical contaminants. In addi
tion, liquid effluentl fra. the Indian Point Generating Station 
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contain trace. of radioactive .ub.t.nce. (U.S. Enviroament.l 
Protection Ageacy. 1974). The quaatitie.of cont .. inants relea.ed to 
t.he river are .... 11 .M, ~re requireclto canfor.' tqapplicable 
ef"huent I11ii~0. j~clard,. e,t.bU,hed by' the' U. S. Envirollllental 
Protection Agency (40 C,a 423) aDd ~e'li~ objective. of the U.S. 
Nuclear "lui. tory Ca.ie.ion (10 cpa ~o~ App~ndix I). 

4.j3 Both the tid.l .nd fr •• hw.ter flo~ of the Hudson River are 
generally several ord.r. of aaanitude gre.ter than the flow of liquid 
disch.rges froa individu.1 plant., providing the potential of 
diluting waste .. t.ria1 to extr ... ly low concentrations. The behavior 
of contaminant. in .uch circ ... t.nce •. b not well understood, and 
there are not.claaique • .,.ilole to predict .the· transport and fate 
of the cont_aaDt.,.ad their po •• ible derivatives. Whjle several 
.. chanin., .uch .a MdiMat.tion. bio&Ceumulation and chemical 
interaction. could, in principle, le.d to subatantive cumulative 
effects, there .r •• t pr ... n~·ao indications of potential problema 
resulting from the oper.tion of power plants· on the Hudson River. 

4.54 Probl ... r.l.tina to water qu.lity. in the lower Hudson 
River stem principelly fro. the release of nutrients and organic mat
ter frOil municip.l ...... tre.tMnC .y .. teas, with indu.trial releases 
contributing to the or,.nie load (Nation.1 eo.ail8ion on Water Qual
ity, 1976). The .tt.adant conditionaof low levels of disaolved oxy
gen and high count. of colifora bacteria are expected to ~prove 
markedly by 1985 vb.n the 10.1 of elhainating discharges, expressed 
in the Pederal W.ter Pollucion Control Act Amendments of 1972 (PL 92-
500), is ~eali.ed. It i. anticipated that remaining difficulties 
with re.pect to v.ter quality vill then be associated with the rela
tively high coatent of coliform bacteria and heavy metala in urban 
runoff as well a. nal1 contributions of nutrients,·pe.ticides and 
other cont .. inant. in the stora runoff frOB nonurban areas (National 
COilmission on W.t.r qu.lity, 1976). While the relative contribution 
of power plants to v.t.r qu.lity del~adation may riae from its pres
ent low level, it is e&~cted to r .. in ... 11 or nellilible and con
fined to the relea.e of trace coai:~nanta. 

4.55 Water quality .urvey. to d.te indicate that no aeasurab1e 
reductioDe in the dis.o1ved 0Z1len ~on~ent of the Hud.on aiver waters 
occur as a ruult of ther.al disch.raea . froa power plants. More 
detailed field .... ur .. ent.. p.rticu1arly under ,lesa eutrophic condi
tions in the raeeivi .. _tera •• iabt rev •• l a de.onltrable reduction 
in dislo1ved oxyaen withi •. ·the th ... l plulles .ssociated with the 
di.chargel. Bovever. h.ureloudy low (to aquatic life) levels of 
dislolved oxygen .re cvrreatly .baent outside of the ~lbany and ~ew . 
York City portia. of the' eatuary, ... it may be anticipated that the 
continued operation of exi.ting facilities with once-through cooling 
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would not l.ad to aaipificat c .... l.ti •• IMrilW of'~ie.olveel oxy
gen in the ri •• r "terl. ProM the It.ndpdftit of4illol •• 4 o*1le •• 
additional h.~t,re.f.ction lq~.· ~_ fututtipCnHitJ,l ' , 

~!t:ol~e~r~a~b~l.~,~~r;,d.~t~d~i!~l~n~t~a~r.:c~t~i~oa~'~.~ .. ~' ~?~. ~~·~·~"~~·~·~~.~~~~aa. 
nl a at bn of C o.a - coo aI.at illl' et!alb:iei.iltiaa 

plantl and future power plant. effecti.ely eU.IIb,.te.'the pOI.ibility 
of a ligni,icaut loweriaa of the dil.ol.ed oxygen content of the 
Hudlon Riv.r vatar.. ' 

Air Quality 

4.56 The rele.eea of ril'boroe cotataillalltt ftOlitha lowline 
Point and Io.eton Gaberatlll .tatlon. aDd other-fOl.il fueled ata
tionl within th~ 'at'WIy area 'i'i .ubject to Itat. raplatioal loveming 
the cOlllpo.ition allCl ule of fue1a in Itationary c.-.,tion inltalla
tionl. Rev York State reautatloat (6NYCRR, 'Partt 225, 227) lbait 
the peraaieaiblecont.nt of IUlfur in fuel oU bul'aad at the Piftr 
Ninth Street, iowline Point ... Lcw.tt Itat ion. , to ()-'37 percent by 
weight and to 2.0 percent by veiaht in fuel burned at the ROleton, 
Danlkammer (chaaaed to 1.0 peYceat on 1 Auauet 1976) allCl Alb8DY 
station.. The .... ccmteltt of .11 fuel oil brequired to .. e luf£l
ciently low to lillit _ie.ioel of pa'l'ticulaee' .. t~r to a 1I8Xiaua 
rate of 0.10 pounda per .Ulia ITU heat input, •• area. ewar 2 
hours. EmilliOn rat •• of nitrolen oxide. are liaited to 0.30 pound 
per million ITO h.at input. 

4.57 ri.ld .... ureDaftt.of .ir qualit, in ttie Yi~inity of the 
Bowline Point ~er.tina Statlon have Ihovn that ... York Aabient Air 
Quality Stailct.l'i. (6 neD, '.'th 256,257) for particulat •• , lulfur 
dioxide and nit~ol.n dioxide have DOt been exc •• ded a. a r •• ult of 
operatina the power plant. ' 

4.58 Monitorilll data tWD in 1975 and .arly 1976 in the 
vicinity of t~. lo.etoD Ceneretina St.tion indic.te that the lew York 
State hourly* and 24-hour Itand.rd.** for .ulfur dioxide were 
being exceeded occa.ion.lly. All other .pplicable .tate It.ndard. 

iAn hourly It.ad.rel for .u1tar'elioxid. va. i~ effeet .t the t~ of 
writing. The hourly at.nda'" 11&.- ba .. r •• ctede'- (6 IYCRR, P.rt 
257 J e ffecti'f'. 'Illfarch '1977) ia R •• York St.t •• 

**The 24-hourl" York Stat •• taudard for .ulfur dioxiel. require. 
that the 2'4"hbur' C'~entrad,O'Il "flot .xeeed' 0.14 p.rt per aUUon 
and allo that 99" percant of 24-hour v.lue. dari.,. 12 con •• cutive 
month. not exceed 0.10 part peT .illion. Ob.ervatVDnl D.ar the 
RosetoD facility ahow th.t only the fir.t provi.ion of the 
standard i. b.iDI exceeded occ •• ion.lly. 
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for sulfur dioxide, part!eulates aDd nitrogen dioxide were being 1Iet. 
Observations fro. several stationa within the Roseton monitoring 
network inclicat.f that the trederal lie c oDd a ry' standard for suspended 
particulates (24~hour' concentrration) , _'. bei1l8 exce8ded occasion
ally. Central llwleon reports that; aince 1 August 1976 when the 
sulfur contellt of the fUel' oil bUrned .t the' Danska1rMr power plant 
was reduced frOil 2.0 to 1.0 percent, coap-l-iance with the New York 
24-hour stanurd' for aulfur dioxide has been achieved. 

4.59 The possibillty haa been exaained that airborne emissions 
fr01ll the I.os.toll' aDd n.Uka1IiM!r statfonaaightact cuaulatively with 
emssioDs frOil the Bovlltte Point 'aDd Lovett st'ations to produce 
undesirably hlgb concentrati01l8' of sUlfur oxides (Appendix E). The 
results of a nuae~ical.l~lation sbO. no evidence that annual 
average concentrat~oD8 "o,f au1fUr dioxide at ground level ap'Pl'oach 
Federal standards (Appeadis E' of the D'InS ;:S-ction' 4.3.3). The 
Albany and 59th Street etationB are 'cOUide'l'ed to be too far reaoved 
fr01ll the other statio'd' in the' study area to contribute appreciably 
to cumulative cODCeUtr.tlo~ of ~lfur oXides at ground level. 

4.60 The,~.,eration of 'evaporative 'cooling towers, at fossil 
fueled stations within the study area introduces the potential for 
interactions ..,. the p1_es frOll stlleb and cooling towers, with 
the consequent formation of·'acidic alsts. Knowledge of the physical 
and che1llical phenoaena in merged plumes i8 inca-plete and a precise 
assessment of the atten4ant risk of affectinS air quality or produc
ing adverse effects at gr~undleve1 cattnot be made. Information 
available to date indicates that taPacts ie.ulting fro. plU1le inter
action at the Bowline Point and I.oseton stations, or other stations 
on the HudsOn River Estuary, would not be appreciable (Appendix E, 
Section 4.3.,5). ' 

Air Quality at Bow~ine Point 

4.61 Numerical si_lations (Oraqe' andl.ocklaad, 1971; 1972; 
1973), carried out before the Bowline Point Generating Station was 
put into operatio11, iD41c.ted that cerfaia New York State abient air 
quality standards could be' exeeeded as a result of operating the 
power plant~ The analyses ahowed that both hourly· and 24-hour 
average lillitat10na on lulfur d10xide coneentrat'ions would be 
exceeded on the r1dge 11Ue (1I1gh Tor ridge) and peak areas to the 
southwest of the station durina per1odsof "atable at1ROspheric 
conditions and aoderate winds. . 

*The bourly ataudard for lulfur d10xi~e 'e.oncen~ation is no longer 
in effect in New York State_., 
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4.62' Oraaa. apd ~kl--' iDetitat •• apr.~ .. to.aoGitor 
pertinent .. teorolo.ical aa4,t~ .I~ty p~r_.t.t". at' .,..ral ~i
torina st.tioll8 in tile viei.it, of tbe lite .,otb li.forea1a4 .ft.r tbe 
initial oper.tlOD of tIM aowu. ... Point uaitl. Thr •• Itations vel" 
located on the U,h Tor ri ....... 1" the cOllceDtr.tionl of lulfur 
dioxide were expected to be the biabeat UDd.r certain met.orolo,ic.l 
conditions. 

4.63 In ad4itiOD, 01' ... · and IcM:k.l.nd .po~r8d ..... 1.q:' .. Dt 
progr .. to obl.rve the behavior of the plumel' fr~tb. 1~1in. Point 
st.tion .t.ck. uliua fluoreac .. ~ partiel. tr~.r. iDj.etedinto tbe 
stack (Orange •• Rockla.,.l,76). r~v ••• t., of ob •• n.ti.OIlIl Vel" 
made on three •• p.r.te d.y_ J~~.tw.n .19J.Dua~ .nd 31 Ju13 1976vhen. 
meteorologieal conditione ".. pre4iete4to b. IIOlt cODducive to 
direct contact of Biah Tor by the pi..... On .• ac,b ~f th ... ooo .. ions, 
the prev.Hi .. caUiQati •• of win4- .,. ... aqd .biGepla.ric .t.bility 
were such that the ,w.. w. located above tberU,e alict .00 direct 
cont.ct occurred. Further, the ti .. averaaect dilution, or di.perlion 
of the plu ....... uffici.ntl' .e .. t t~ pr~.nt th~ cODc.ntration of 
sulfur dioxide OD tta. riel,e fro. .xc.,eli ... _i.nt 'C.J;I.Cl.rdl. An. 
examination of •• t.orelo,ic.l el.t, •• ~hered·.t th,BoWline 'oint .ta
tion bet ••• nAn,u.t 1972 •• 4 April 1976 .hov. DO in.tanc. When con
dition. of viDd .ncl .tabilit', .. uld l.ad to the fai •• Hon of Biah 
Tor ridge, aad the·po •• ibilit, of the critical coabin.tionof .. teoro-
10gic.l f.ctor. oecurrioa i, t.ken to be reaote on the b.si. of both 
the av.il.ble ov •• rv.tion ..... t.orololic.l record •• 

. ' 
4 •. 64 Annual report, .... rbiua the r~lult. of _t.orolo,ieal 

and air quality ... sur ... nt. fro. June 1974 to H.y 1975 (Or'Dle .nd 
Rockland, 1975) .nd .nd June 1975 to Hay 1976 (Or.nae .nd Rockl.nd, 
1976) have been prep.red .nd filed vith the lev York St.te Dep.rtment 
of Environmental Con.erv.tion. 10 in.t.nce. of st.te .ir qu.lity 
standards beina exceeded hay. been reported to d.te (Burns, 1976). 

4. ~5 Th. poasibility of ~rnioa Ie .. upen.ive fu,el oil with a 
sulfur content Irea-t. than 0.37 perc.nt by v,i&11t haa b •• inve.
tigated (Or'nae and Iocklaad, 1976). RU.erie,1 lbaul.tiolll practic.l 
fuel svitchina pmaro- i~olv~"I fuel oU. vith .ulfur content. of 
0.37 and 2.2 p.~cent. Or'na' and lockland h~. applied to i~dic.te 
that ambient .ir quality .taod.rdl c.n be .. i.tained uDder • the lew 
York State Dep.rt.ent of Enviroaaent.l Conserv.tion for .uthoriz.tion 
to implement the fu.l switching progr ... 

, , ,4.66 Air ~alttx ~itOl1'i.! Air quality 1IOnitoriDI in the 
v1c1n1ty of the owl ne Dt .tauon region b_.an in 1970. Ob.ena
tions vere made at v.riou. tiaes between 1 Hay 1970 .nd 31 Auauat 
1972 to establish b.seline conditions before Unit 1 v.s put into 
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ca..ercial service (~ranae:·'and' 'Rectlanel,' 1973). Measur_lita of the 
ambient concentrationa of 'iulfur o~ickt aM' "particulate. vere II8de at 
four l~~t,ions in t~e Baveratr_area, the prilllary location being the 
office building of the 'RocklaDd'·Clc,Unty ,Iledtih Department in 
Haverstraw. Meaaut_ente of 1litroaenoxide. concentrations were lIade 
at one site only, the Mev Y(jrlt" State Rehabilitation Hospital. Early 
analysh of .easur .. enta.hdtMcl that d-atai'lfrOm the various monitoring 
stations could b* cOilbiaed'to yield a r ..... ble representation of 
air quality in the general vicinity of the power plant (Orange and 
Rockland, 1973a). 

4.67 S~ry reaultl of preoperational air quality monitoring 
are given in Tablea 4-2 an4 4~3. The principal findings, based on 
data,given in t~e.e tablea. a. veIl a. c~lative probability distri
bution developed from meaaureaents of nitrogen oxide concentrations 
over a 6-month period, are a. followl: 

(1) Prevailing concentrations of sulfur dioxide vere sub
stantially below Mev York State air quality standardl. 
Obaerved hourly average concentrations reached 25 percent 
of Itandards, wbl1e daily a~ annual averages reached 50 
percent of thereapective atandards. 

(2) Ob~e~ed concentrations of p,rticulates ranged in value 
from levels correapoDding to 70 percent of standards to 
values in exce~. of ,these standards. 

(3) Average 24-hour concentrations of nitrogen oxides vould 
exceed the aableat standards of 0.05 parts per million 
roughly 64 percent of the time during a period of 12 con
secutive .onths. Further, correlations of air quality 
and meteorological observations indicated that all three 
airborne cont_inants, obierve'droutinely in high concen
trat10na, were not of local origin. The data suneated 
that airborne contaminants migrated from the southeast 
across Haverstraw Bay and, from the southwest, from the 
Ramapo, Mawah and Hac1tensac,lt River Valleys. 

4.68 A monitoring prograa designed to measure sulfur dioxide 
concentrations attributable to the operation of the Bowline Point 
station was instituted in March 1972 in response to the stipulations 
of the Rew York Department of Environmental Conservation. A network 
of' six real-tu-e (continuous) stations was established in the 
vicinity of the station at points identified in Figure 4-1. 
Provisions have been made to monitor concentrations of particulate 
matter and nitrogen dioxide at three of the stations. Pertinent 
characteristics of the network are given in Table 4-4. 
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TABLE 4-2 

S1HIA&Y or PIIOPBltATIOlW. OBSBavA'rIDRS or 
SULlUI. DIOXIDB OOI1CB11'r1ArIORS A'rBOWLDB PO~ 

~. j .. 

0B8DVBIJ OOR~S ow YOU SUlmARDS 
U, PARTS PO JQ:J.I.IOR ~ PAIl'$ PD MILLION 

, ' 

99 PIICDT MAlDPJH 99,PDCIIT IWtDllH 
pnrOD naQUIRCY OBSDVBD IUQUBI1CY OBSERVED 

1-Hour Averale Concentration. 

1 May 70-31 Aug 72 0.058 0.U8 0.25 0.50 
1 Sep 70-31 Aug 71 0.069 0.128 0.25 0.50 
1 Sep 70-31 Aug 72 0.047 0.096 0.25 0.50 
SU1IIDlers 0.053 0.100 0.25 ' 0.50 
Winters 0.068 0.128 0.25 0.50 

24-Bour Averaae Concentration 

1 May 70-31 Aug 72 O~OSl 0.070 0.10 0.14 
1 Sep 70-31 Aug 71 0.057 0.070 0.10 0.14 
1 Sep 71-31 Aug 72 0.037 0.04 0.10 0.14 
SUDIIlers 0.035 0.052 0.10 0.14 
Winters 0.057 0.070 0.10 0.14 

ANNUAL AVBllAGE OBSERVED AVEllAGE 

1 May 70-31 Aug 72 0.OlS8 0.030 
1 Sep 70-31 Aug 71 0.0172 0.030 
1 Sep 71-31 Aug 12 0.0141 0.030 

*Hour1y standard for sulfur dioxide concentration is no'longer in effect 
in New York State. 

Source: Orange and Rockland. March 1973a. 
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TABLE 4-3 

SmtoIARY OF PREOPERATIONAL OBSERVATIONS OF TOTAL SUSPENDED 
PARTICULATE CONCENTRATIONS AT BOWLINE POINT 

STATION 

50 PERCENT P'REQUINCY 

Health Department Bldg. 
Bowline Point Tower 
Health Department Bldg. 

CONCENTRATION OF PARTICULATES 
IN MICROGRAMS PER CUBIC· METER 
HI-VOLUME HI-VOLUME 
EQUIVALENT SAMPLE 

58 73 
65.5 
62 73 

and Bowline Point Tower 

84 PERCENT FREQUENCY 

Health Department Bldg. 85 96 
Bowline Point Tower 92 
Health Department Bldg. 87 96 

and Bowline Point Tower 

100 PERCENT ruQUENCY 

Health Department Bldg. 199.7 124 
Bowline Point Tower 218.5 178 
Health Department Bldg. 218.5 178 

and Bowline Point Tower 

Source: Orange and Rockland, March 1973a. 
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NEW YOlUt STANDABDS 
IN MICROGRAMS 
PER CUBIC METER 

65 
65 
65 

100 
100 
100 

250 
250 
250 
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TABLE 4-4 

CiWlACTalSTICS OF THE AIR QUALITY MONlTORIHG 
HftWoIlt AT BOWLIld P01:RT 

STATION STATION !LEVATION, (1) 
=~) DISTANCE 1PltOM 

NUMBER raT 'POWER P1.ANT, 
nlGBBES MILES 

1 Stony Point 220 116-176 2.6 
2 Rehabilitation 180 91-151 1.4 . 

Hospital 
3 LetChworth Village 450 70-130 3.1 
4 Bowline Point 8 279-339 0.5 
5 Hi Tor 564 314-014 1.5 
6 Croton Point 62 260-320 3.8 

(l)Feet above..an flea level. The ~op of the stacks at t~ Bowline Point 
Generating Station i8 287 feet above gro\llld level and 297 feet above 
mean sea level. 

(2)The downwind sector 18 the sector + 30 degrees from the wind direction 
that places the station downwind of the power plant; angles are 
measured clockwise from a reference of due north at 00 or 3600

• 

Source: Orange and Rockland, July 1976. 
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4.69 Qu.rt~lJ ~~J.~~fl.;~~~a.-,4,oc.~ .. ;~ •• ~ts of 
~iel~ •• aur_nta h.ve beeniMWt~ ... ';~tc~ t~(~t10n 'ofthe lIOn-
1tor 1Dl proar_. The l.taat ..• illable.u.maal repo.r.t .. (Orea. ancl 
Iockladp; 1~J6))cont.ina~ __ ~t.ili!iaa, ~ i4q~~~ diox~... : 
.... _ ... n~ •. ~~ June 1"~ 'i~ij.y 1976. 4.i.~ry of the _asured 
aver .. e "Uy concentr.tioaa,:i..'lIiven in Table 4-5. The d.ta show 
no instanee of the .-bient ataDdard of 0.1 p.rt per million being 
exceeded during the period un~,r consideration. 

4.70 SUllllaries of reiu1ts derived ft~ •• aur...nt. 'of nitro
len diox~de concentr.tio1l8 (fr_ June to Rov .. ber 1974 a~. Marc:lr to 
Kay 1975) and particulate co~entrationa <_.,tember 19i4 to.ove.ber 
1974 and Dec_bel' 1974 to' .,1'75) .re li~~ .. in Table. f 4';'6ad·"4'.6.i7. 
The obsefv,d concentr.tionl of nitrolen dio~lde _asured houtl, add 
averaced;' .bnthly are lener.i.lY"well below 0.05 p.rt pet; '.ii lfotlj . vi th 
.onthly .verales appro.china this value only occ.aionally. Accord
ina1y, it .ppeara _likley tbat~ the··.taDCl8l'd of· o..OS-.p8l'.t per 
miUion •• ,pUc.ble to qbservat;iona t.unover 12 ~onsecutive IIOnths 
will be 'bC •• d~~ lIiix~ boUrly?iteiiir.entl of' ditroS.u:'ditJitbie· 
concetltr.tions arellUbiitutiaUy' hi~.iI; aad 'occaaietaatt, 'reacli,· .. ituea 
of the order of 0.6 part per .illion. Dat. on concentrations of . 
P4rticul~e. Ihow,.o inlt.ne_jof ~t.te'j at.Dd.r~1 beiDS e~ce.d.d,i' 
during tba monitoria, p.rio4~.: ,c'''', .:';" 

- .1.-. -"j' ~ ; .. -" - - '.~. j. .' ,t 

4.71 Mealured concentr.tions of'nitroaen dioxide taten after 
the Bowline Point atation bec.e op .. r.~io.al,. t""efo~eJ ~iff.J' 
sub.t.ntively fro. the preoperation.l concentration. disculsed pre
vioully. The later information Ihov. that lover concentrationl 
prevail, IUI.eatina either a reduction in back.round levell or defi
ciencies in one or both sets of measur ... nts. No data are available 
from alternative sources to indicate the .ore likely explanation for 
the apparent discrep.ncy. 

Air Quality .t the ROleton Generatina Station 

4.72 An air quality aonitorina network has been established in 
the vicinity of the Roseton .nd Danltaamer lener.tina stations. The 
individual stationl makina up the network are identified in Filure 
4-2 and pertinent info~tion on the st.tion is liven in Table 4-8. 

4.73 Summariel of data collected over the l2-month period frOD 
March 1975 throuah Febru.ry 1976 .re liven in Tablel 4-9, 4-10. and 
4-11 (data on lulfur dioxide concentrations) .nd Tables 4-12 and 4-13 
(data on total luspended particulate and nitrogen oxide concentra
tions, respectively). Measurements of sulfur dioxide concentrations 
indicate that 99 percent of hourly average values are below the New 
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TABLE 4-5 

SUMMARY OF SULFUR DIOXIDE OBSERVATIONS 
AT BOWLINE POINT, JUNE 1975 THROUGH MAY 1976 

NUMBER OF DAYS WITH AVERAGE DAILY CONCENTRATIONS 
IN EXCESS OF 0.10 PARTS PER MILLION/NUMBER OF DAYS OF OBSERVATIONS 

MONTH STONY REHABILITATION LETCHWORTH BOWLINE CROTON 
POINT HOSPITAL VILLAGE POINT HI TOR POINT 

1975 

June 0/18 0/29 0/30 0/30 0/21 0/30 
July 0/30 0/22 0/30 0/29 0/27 0/30 

~ 
August 0/31 0/23 0/31 0/31 0/31 0/31 

I September 0/30 0/30 0/30 0/30 0/30 0/30 
N 

October 0/31 0/30 0/31 0/30 0/31 0/28 ID 

November 0/29 0/30 0/30 0/19 0/30 0/28 
December 0/30 0/28 0/28 0/31 0/31 0/28 

1976 

January 0/31 0/25 0/31 0/31 0/30 0/30 
February 0/29 0/23 0/29 0/27 0/28 0/29 
March 0/31 0/31 0/26 0/31 0/23 0/29 
April 0/28 0/30 0/29 0/30 0/30 0/30 
May 0/31 0/14 0/31 0/28 0/31 0/31 

Source: Orange and Rockland, July 1976. 



TABLE 4-6 

SUHMAlY OF NITROGEN DIOXIDE LEVELS AT 
BOWLIII POINT, JUNE 1974 THROUGH MAY 1975. 

NITROGEN DIOXIDE CONCENTRATIONS, 
PARTS PER MILLION 

MONTH DATA 
AND CAPTURE, MAXIMUM MONTHLY 

STATION YEAR PERCENT HOURLY AVERAGE 

STONY POINT Jun 74 79 0.033 0.005 
Ju1 74 50 0.030 NA 
Sap 74 95 0.180 0.049 
Oct 74 97 0.155 0.030 
Nov 74 61 0.194 NA 
Mar 75 100 0.094 0.021 
Apr 75 98 0.125 0.038 
May 75 100 0.116 0.038 

LETCHWORTH Jun 74 53 0.146 NA 
VILLAGE Ju1 74 100 0.095 0.022 

Aug 74 100 0.084 0.027 
Sep 74 100 0.116 0.027 
Oct 74 100 0.155 0.031 
Nov 74 100 0.133 0.030 
Mar 75 99 0.107 0.026 
Apr 75 99 0.150 0.023 
Hay 75 99 0.165 0.046 

HI TOR Jun 74 27 0.088 NA 
Sap 74 84 0.103 0.022 
Oct 74 90 0.166 0.037 
Nov 74 700 0.164 0.030 
Mar 75 99 0.095 0.025 
Apr 75 98, 0.458 0.044 
May 75 98 0.568 0.044 

Sources: Orange and Rockland, November 1974; February 1975; 
July 1975. 
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TABLE 4-7 

SUMMARY OF TOTAL SUSPENDED PARTICULATE OBSERVATIONS 
AT BOWLINE POINT, SEPTEMBER 1974 THROUGH MAY 1975 

TOTAL SUSPENDED PARTICULATE CONCENTRATIONS IN 
MICROGRAMS PER CUBIC METER, EXCEPT AS NOTED 

PERIOD 
STONY 
POINT 

SEPTEMBER 1974-NOVEMBER 1974 

Data capture, percent 
Computed geometric mean 
Computed standard 

deviation 

Number of excesses of:(l) 

24-hour N.Y. State 

84.6 
31.3 

2.0 

standard 0 
24-hour Federal primary 

standard 0 
24-hour Federal secondary 

standard 1 

DECEMBER 1974-MAY 1975 

Data capture, percent 93.4 
Computed geometric mean 32.6 
Computed standard 

deviation 1.8 

Number of excesses of:(l) 

24-hour N.Y. State 
standard 0 

24-hour Federal'primary 
standard 0 

24-hour Federal secondary 
standard 0 

LETClM)RTH 
VILLAGE 

69.2 
35.9 

1.8 

o 

o 

o 

76.4 
46.5 

1.7 

0 

0 

1 

WEST HAVERSTRAW 
SUBSTATION 

85.7 
36.2 

1.7 

o 

o 

o 

91.8 
47.0 

1.6 

0 

0 

0 

(l)The Fadera! standards are values not to be exceeded more than once a 
year. New York State standards, until 18 March 1977, were maximum values. 

Source: Orange and Rockland, November 1974; February 1975; July 1975. 
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TABLE 4-8 

CHARACTERISTICS OF THE AIR QUALITY K)NITORING 
NETWORK AT THE BOSETON STATION 

STATION STATION ELEVATION (1) DOWNWIND SECTOR, (2) DISTANCE 
NUMBEtl FEET . DEGREES FROM POWER 

PLANTS, 
FROM FROM MILES 
DANSKAMMBR BOSETON ~ 

~ 

1 Hughsonville 132 225-285 226-286 2.1-2.5 

2 New Hamburg 122 190-250 199-259 1. 7-2.2 

3 Chelsea 83 304-004 277-337 0.9-1.1 

4 Marina 8 017-077 006-066 1. 9-1.6 

5 Cedar Cliff Road 115 157-217 183-243 0.9-1.1 

A Wheeler Hill Road 325 255-315 245-305 1.0-1.6 

6 Roseton 6 009-069 266-326 0.4-0.3 
',-" 

(l)Feet above mean sea level. 

(2)The downwind direction is the direction of a wind that places the 
station downwind of the power plant. The downwind sector is sub-
tended by an arc ± 30 degrees centered on the downwind direction. 
Angles are measured clockwise from North at 0°. 

Source: Central Hudson, June 1976. 
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STATION 

1. Hughsonville 

~ 2. New Bamburg 
I c..» 
~ 

3. Chelsea 

4. Marina 

( 

-. 
• 

TABLE 4-9 

SUMMARY OF HOURLY SULFUR DIOXIDE OBSERVATIONS 
AT ROSETON STATION, MARCH 1975 THROUGH FEBRUARY 1976 

..... 

OBSERVED HOURLY CONCENTRATIONS OF SULFUR DIOXmE ABOVE 0.25 PARTS PER MILLION 

WIND NET GENERATION, MW sUI.FtiR DIOXIDE 
DIRECTION, (1) HOURLY COIICBNTIATION. 

DATE TIME DEGREES DANSIWOtER ROSETON PARTS P,ER MILLION 

5 Ju1 75 0900 173 317 399 0.436 
5 Sep 75 1000 175 310 561 0.314 
9 Aug 75 1200 177 376 574 0.296 
3 Oct 75 2100 199 383 572 • 0.283 
8 Oct 75 1200 122 176 852 0.352 

28 Feb 76 0900 229 307 568 0.263 
8 Mar 75 1600 305 203 1,006 0.267 

26 Mar 75 1600 307 181 1,030 0.291 
26 Mar 75 1800 311 175 1,032 0.291 
4 Apr 75 1000 305 188 1,01Q 0.281 
4 Apr 75 1100 306 186 1,011 0.266 
4 Apr 75 1300 302 201 1,012 0.306 
4 Apr 75 1400 307 192 1,013 0.265 
4 Apr 75 1600 299 193 1,010 0.333 
4 Apr 75 1700 297 196 1,010 0.358 

30 Ju1 75 0900 150 250 930 0.375 
31 Dec 75 2200 31 235 284 0.344 
31 Dec 75 2300 29 233 286 0.294 
1 Jan 76 0000 33 233 284 0.319 

( ( 
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TABLE 4-9 
(Continued) 

OBSERVED HOURLY CONCENTRATIONS OF SULFUR DIOXIDE ABOVE 0.25 PARTS PER MILLION 

WIND (1) NET GENERATION. MW SULFUR DIOXIDE 
DIRECTION, HOURLY CONCENTRATION 

DATE TIME DEGREES DANSKAMMER ROSETON PARTS PER MILLION 

Cedar Cliff 16 Mar 75 1100 129 137 926 0.281 
Road 19 Apr 75 1200 214 151 1,017 0.450 

12 Jun 75 1000 184 343 530 0.285 
23 Jun 75 0200 205 218 546 0.257 
23 Jun: 75 0300 209 193 448 0.425 
23 Jun 75 0400 209 187 495 0.375 
23 Jun 1~ 0500 211 197 550 0.581 
11 Sap 75 2100 176 312 573 0.338 
11 Sap 15 2200 178 284 548 0.304 
12 Sep 75 0100 177 224 298 0.309 
12 Sep 75 0200 174 209 296 0.371 
12 Sep 75 0300 176 207 297 0.443 
12 Sep 75 0400 176 209 297 0.412 
12 Sep 75 0500 177 209 318 0.304 
12 Sep 75 0600 181 223 391 0.253 

4 Oct 75 0400 196 124 455 0.271 
14 Oct 75 1400 195 186 955 0.496 
21 Nov 75 1100 181 338 264 0.306 
21 Nov 75 1200 179 325 266 0.379 
21 Nov 75 1300 184 324 268 0.275 
26 Nov 75 1500 016 361 200 0.261 

Wheeler Hill NO VALUES EXCEED 0.25 PARTS PER MILLION 
Road 

( 
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TABLE 4-9 
(Concluded) 

OBSERVED HOURLY CONCENTRATIONS OF SULFUR DIOXIDE ABOVE 0.25 PARTS PER MILLION 

STATION WIND NET GENERATION, MW SULFUDIOXIDE 
DIREcrION, (1) HOURLY CONCENTRATION 

DATE TDIE DEGREES DANSlCAMMER HOSETON PARTS PER MILLION 

6. Roseton 5 Apr 7S 0900 301 184 1,015 0.265 
5 Apr 75 1000 320 205 1,017 0.284 
5 Apr 75 1200 330 189 1,017 0.252 
5 Apr 75 14.00 320 156 1,024 0.282 
5 Apr 75 1500 333 156 1,020 0.292 

21 Apr 75 1200 317 156 1,022 0.316 
26 Apr 75 1600 312 114 806 0.278 
30 Jul 75 0900 150 250 930 0.347 

(l)Wind direction measured at the upper level of the Roseton meteorological tower. 

Source: Central Hudson, June 1976. 
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TABLE 4-10 

SUMMARY OF 24-BOUR SULFUR DIOXIDE OBSERVATIONS 
AT ROSETON. MARCH 1975 THROUGH FEBRUARY 1976 

OBSERVED 24-HOUR CONCENTRATIONS OF SULFUR DIOXIDE EXCEEDING 0.10 PARTS/MILLION 

AVERAGE OBSERVED 

( 

WIND 
DIRECTION, (1) 

GPERATION, MW SVLFUR DIOXmE 
STARrING CONCENTRATIONS, 

STATION DATE HOUR DEGREES DANSlCAMHER ROSETON PARTS/MILLION 

1- Hughsonville NO VALUES EXCEED 0.10 PARTS PER MILLION 
2. New Hamburg NO VALUES EXCEED 0.10 PARTS PER MILLION 
3. Chelsea 8 Mar 75 0200 308 193 976 0.128 

26 Mar 75 1100 307 197 780 0.122 
3 Apr 75 1900 298 194 982 0.177 

4. Marina NO VALUES EXCEEP 0.10 PARTS PER MILLION 
5. Cedar Cliff 22 Jun 75 1000 208 212 675 0.173 

Road 23 Jun 75 0300 208 306 602 0.134 
11 Sep 75 2000 177 278 485 0.159 

A. Wheeler Hill NO VALUES EXCEED 0.10 PARTS PER MILLION 
Road 

6. Roseton 5 Apr 75 0600 322 167 957 0.166 
26 Apr 75 1300 313 120 952 0.103 

(1) Wind direction is measured at the upper level of Roseton meteorological tower and is 
averaged over the period beginning 3 hours before and ending 3 hours after the hour of 
highest sulfur dioxide concentration within the 24-hour averaging period. 

(2) Value is the 24-hour running average sulfur dioxide concentration. 

Source: Central Hudson, June, 1976. 
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TABLE 4-11 

SUMMARY OF MONTHLY SULFUR DIOXIDE CONCENTRATIONS 
AT 1«)SETON, MAICH i975 'l."BIlCJUGB FEllDAKY 1976 

AVERAGE MONTHLY CONCENTRATION OF SULFURDIOXtDE. PAR'IS PER MILLION 

STATION 
12-KONT8 

MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB. .VERAGE 

1. Hughsonville .014 .016 .013 .01,1. _ .010 .010 .009 .007 .015 (1) .012 

2. New Hamburg .011 .009 .011 .006 .008 .013 .010 .018 .031 .025 .034 .026 .017 

3. Chelsea .031 .038 .013 (1) .009 .008 .009 .016 .020 .022 .025 .017 .019 

4. Marina .016 .014 .013 .012 .011 .014 .010 .019 .021 .027 .039 .022 .018 
, , ' 

5. Cedar Cliff .015 .018 .026 .62'7 .020 .015 .017 .018 .027 .018 ' .. 025 .019' .020 
Road 

A. Wheeler Hill (1) .015 (1) .015 
Road 

6. Roseton .019.033 .011 .008 .009 • 010 ~ 007 .010 .018 '.019, .022 '~O17 " '~015 
-------~----

Average of .018 .021 .014 .013 .011 .012 .010 .015 .0"22 .022 .027 .020 .017 
Stations 

(1) Insufficient data to compute a valid average (~480 hours of data per month, 2 months per 
season and all seasons for an annual computation are required 

. \ . . - ; r: J~' , . ; 1."1 :~ . _'.:: J V /'. 
Source: Central Hudson, J~;1976. '. ,.- .,~ ~ ". • ' :.' ~l 
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TABLE 4-12 

SUMMARY OF 24-HOUR TOTAL SUSPENDED PARTICULATE OBSERVATIONS AT ROSETON 
MARCH 1975 THROUGH FEBRUARY 1976 

OBSERVED 24-HOUR CONCENTRATIONS OF TOTAL SUSPENDED PARTICULATES 
EXCEEDING 150 MICROGBAKS PER CUBIC METER 

STATION 'i!VAILfRG WIND AViilG!! OBfiRVED 

DATE GENERATION I MW CONCENTRATIONS. 
DIRECTION. SPEED, MICROGRAMS PER 

DEGBEES MPH DANSKAMMER ROSETON CUBIC METER 

1. Hughsonville 1 Mar 75 308 6 196 844 160.0 
6 Mar 75 274 7 197 996 151.0 

17 Mar 75 14 9 166 912 184.0 
14 Apr 75 322 6 174 529 161.0 
21 May 75 279 4 159 927 189.0 
15 Aug 75 9 7 322 431 182.0 

2. New a_burg 6 Mar 75 274 7 197 996 151.0 
19 Jan 76 24 12 360 279 170.0 

4. Marina 12 Apr 75 341 8 126 995 176.0 
20 May 75 198 9 161 884 163.0 
23 May 75 238 7 170 967 173.0 
29 May 75 182 5 163 748 182.0 

5. Cedar Cliff Road 15 Apr 75 326 7 162 916 177.0 

Source: Central Hudson, June 1916. 
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TABLE 4-13 

COMPARISON OF TOTAL SUSPENDED PARTICULATE OBSERVATIONS AT ROSETe. 
TO APPLICABLE NEW YOlK STATE· STANDARDS, 

MARCH 1975 THROUGH FEBRUARY 1976 

PERCERT OF DAILY- COHClHTRATIOBS1 PERCENT OF DAILY COHCD1'1'llATl(JIS 1 

OF TOTAL SUSPENDED PARTICULATES OF TOTAL SUSPENDED PARTICULATES 
STATION BELOW 50 PERCEllT STANDj]I])Z BELOW 84 PERCENT STAlmARD3 

SPRING SUMHER FALL WINTER SPRING SlHtER FALL WINTER 

1. Hughsonville 47.1 42.3 40.1 77.1 73.1 70.6 

2. New Hamburg 61.6 63.6 65.1 64.1 89.5 88.8 86.9 85.4 

3. Chelsea 76.0 76.6 78.8 79.3 96.0 94.6 94.0 98.8 

4. Marina 67.1 75.6 79.5 81.2 91.1 92.4 93.5 98.8 

5. Cedar Cliff Road 79.9 83.1 84.7 92.8 97.4 97.8 97.8 100.0 

A. Wheeler Hill Road 86.1 100.0 

1Cumu1ative to end of each quarter. 
2New York State standards in effect before 18 March 1977 required that 50 percent of daily 
average concentrations of total suspended particulates be below 55 micrograms per cubic 
meter at stations 1, 2, 3 and 4 (Level II standard) and 65 micrograms per cubic meter at 
stations 4 and 5 (Level III). The requirement is no longer in effect. 

3New York State standards in effect before 18 March 1977 required that 84 percent of daily 
average values be below 85 micrograms per cubic meter .at stations 1, 2, 3 and 4 and 100 
micrograms per cubic meter at stations 4 and 5. The requirement is no longer in effect. 

Source: Central Hudson, June 1976. 
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York State standard of 0.25 part per million* (Central Hudson Gas 
and Electric, June 1976). Instances of me.sured values in excess of 
0.25 parts per million are recorded in Table 4-10. Among these, one 
value of 0.581 parts per million, measured at Cedar Cliff Road on 23 
June 1975 is in excess of the regulatory standard of 0.5 parts per 
million. More than 99 percent of the measured 24 hour concentrations 
are below the standard for 0.10 parts per million (Central Hudson Gas 
and Electric, 1976). As indicated in Table 4-11, a total of eight 
running averages over 24 hours has exceeded 0.10 parts per million, 
and among these four are in excess of the standard of 0.14 parts per 
million. The highest 24-hour average concentration record,ed over the 
period is 0.177 parts per million. The monthly average 
concentrations given in Table 4-12 show that the annual standard of 
0.03 parts per million is not exceeded. 

4.74 Observed values of total suspended particulate concen
trations and applicable state standards are compared in Table 4-13. 
As indicated, concentrations at one of the stations (Hughsonville) 
fail to meet standards relating to the distribution of daily average 
concentrations, both at the 50 and 84 percent levels.** However, 
the geometric mean of 24-hour concentrations measured at all the sta~ 
tions over 12 consecutive months is below the regulatory standard 
(Central Hudson Gas and Electric, 1976) and no single value above the 
standard of 250 micrograms per cubic meter has been observed. 
Recorded 24-hour averages in excess of 150 micrograms per cubic 
meter, the Federal secondary standard, are listed in Table 4-13; the 
highest recorded value is 189 micrograms per cubic meter. Operation 
of the Roseton and Danskammer generating stations is thought to have 
contributed to particulate concentrations during 2 of the 13 days 
with highest daily levels over the 12-month period ending in February 
1976 (Central Hudson Gas and Electric, 1976). 

4.75' Values of the measured concentrations of nitrogen oxides 
given in Table 4-14 show that the annual average concentration is 
below 0.05 parts per million at all reporting stations. The standard 
of 0.05 parts per million of nitrogen dioxide, therefore, is not 
exceeded. The extreme 24-hour concentrations recorded at certain 
stations are substantially higher than the annual average, with 
values ranging to 0.184 parts per million. 

4. 76 Available information on air quality monitoring in the 
vicinity of the Rosetop station over the period March 1976 to August 

*The hourly standard for sulfur dioxide concentrations is no longer 
in effect in New York State. 
**. I· ff t These requ1rements are no onger 1n e ec. 
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TABLE 4-14 

SUMMARY OF NITROGEN OXIDES OBSERVATIONS AT 
ROSETON, MARCH 1975 THROUGH FEBRUARY 1976 

AVERAGE MONTHLY CONCENTRATIONS OF NITROGEN OXIDES, PARTS PER.MILLION 

. 12-!I>NTH 
STATION MAR APR MAY JUN JUL AUG SEP ocr NOV DEC JAN FEB AVERAGE 

·8 

2. New Hamburg .018 .013 .019 .007 .007 .010 .016 .023 .044 .044 .046 .041 .024 

3. Chelsea .014 .014 .017 (1) (1) .019 .019 (1) .043 .044 .041 .030 .024 

4. Marina .022 .022 .037 .015 .016 (1) (1) .025 .034 .040 .040 .031 .028 

5. Cedar Cliff .012 .009 .043 .031 .027 .032 (1) (1) .037 .046 .049 (1) .031 
.&:- Road 
I 

.&:- HIghest 24-hr .079 .143 .118 .103 .090 .079 .066 .102 .194 .194 .169 .138 N 

concentration 

Station number 2 4 5 5 5 5 5 4 5 5 2 2 
recording highest 
24-hr concentration 

Prevailing wind 236 226 194(2) 204 140 73 202 191 202 202 022 202 
direction on high- . 
est day, degrees 

(1) Insufficient data to compute a valid average (480 or more hours per month are required). 

(2) A concentration of .118 parts per million was recorded twice at the same location in May 
1975. On the second occasion the wind was variable. 

Source: Central Hudson, June 1976. 
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1976 (Central Hudson Gas and Electric, 1976) shows that observations 
continue to be occasionally above applicable standards. Two 
instances of 24-hour sulfur dioxide concentrations in excesa of 0.14 
parts per .illion are recorded (on 27 April 1976 and 13 July 1976) 
both at the Wheeler Bill Road Station. However, Central Budson 
reports that since 1 August 1976 when the sulfur content of fuel oil 
burned at the Dansu..er power plant has been reduced from 2.0 to 1.0 
percent by weight, compliance with the New York 24-hour standard for 
sulfur dioxide has been achieved. Measurements of total suspended 
particulate concentrations indicate that the state standards are 
being met. The Federal secondary standard has been exceeded on five 
separate occasions durina the reporting period. 
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IMPACfS ON BIOLOGICAL RESOURCES 

4.77 'Operation of eleC!tt'ic 'generating stations on the Hudson 
River estuary represent •• ':j'potenti.l 8ource' of i1Dpact. on the natural 
upland, wetlanel;' al'ld aquat'i<e eC'G .. y.~t .. s of' th~ region. Of greatest 
concern are theel'fects of the) rejection- of wlistie heat to the- river 
and the destruetlon of nan aquatic oE'gabis •• that are drawn 'through 
the power plant condellierlyste. in the cooling water (entrainment) 
or are killed on the screens used to strain the cooling watet flOW 
(impingement).' - . 

4.78 The Koloay of the' Hudson 'liver e.tuary bas been studied 
extensively over the pa8t,20 years. Kajor studies- have been spon
sored by several utility compabies, beginning in 19~8 with research 
sponsored by Consolidated Edison to evaluate the impacts of radio
isotopes releases by Indian Point Unit No. 1 on man and other biota. 

4.79 As a result of the controversy involving the Cornwall 
Project in the mid-1960s, Consolidated Edison sponsored the Hudson 
River Fisheries Investigation from 1965-1968 through the Hudson River 
Policy and Technical Committee, New York Department of Environmental 
Conservation. Other consultants were starting ecological studies 
when construction on Indian Point No. 2 was begun in 1968. Raytheon 

~
corporation carried out a series o~udies from 1968 through 1971. 

~/. • New York University' has ~carrY~out studies on entrainment ef-
• fects at the Indian Poiit Units 1 and 2 condensers as well as re

lating the effects of the cooling systems to population of aquatic 

~
ganiSmS in the river. Lawler. Hatusky and Skelly Engineers has 

__ .~ eveloped hydraulic thermal models as wett as models related to the 
~ ~ entrai~nt of striped bass eggR and larvae. 

~~~ !~80 Additional studies sponsored by utilities other than Con
~ ~ solidated Edison are being carried out on the Hudson River to assess 
;~ the impacts of entrainment and impingement and related matters. i> 
~ Further, New York State Department of Environmental Conservation, 1 ,~J.1 . 

through the U.S. Department of Commerce, has underway a 3-year ~ 
striped bass tagging program to determine the contribution of the 
Hudson River striped bass to the Mid-Atlantic fishery. An Inter-
Utility Coordinating Committee has been established to coordinate the 
efforts of several utilities conducting studies on the Hudson River. 

4.81 Several factors have greatly hindered the effort to as
sess adequately the cumulative impacts of power generation activities 
along the Hudson river estuary during the preparation of the draft 
environmental statement. Primary among these was the lack of adequ
ate synthesis of the considerable data that had been gathered. Too 
much important information was available only in annual data report 
form with little analysis for trends or insight into system structure 
and function that should emerge from multi-year data. Also, many 

? 
~f7J.;. , 
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~important data apparently were available but had not been worked up 
~ into a form useful for consideration in decision-making. Recent 

publications prepared for the Utilities have helped to alleviate this 
problem (Orange and Rockland, 1977; Central Hudson Gas and Electric, 
1977; Lawler, 1978). 

4.82 Contributing to the problem of data synthesis has been 
the fragmented research approach of considering individual power 
plants in isolation of each other. Only recently have some efforts 
been initi4ted to study the Hudson River estuary from a more holistic 
point of view (Multiplant Lmpact Study being conducted by Texas 
Instruments and the Hudson River Study being carried out by Lawler, 
Matusky, and Skelly), but these studies still have been oriented 
strongly toward striped bass alone. 

Upland Ecosystems 

4.83 Natural upland ecosystems are potentially altered or 
eliminated by construction and operation of power plants in the Hud
son River Valley. Operation of cooling towers would result in salt 
drift, introducing the possibility of vegetation damage occuring in 
the vicinity of the towers. 

Bowline Point Generating Station 

4.84 The Orange and Rockland property containing the Bowline 
generating station is 245 acres. Of this total, Bowline Pond is 53 
acres and 192 acres are uplands. Construction of the plant included 
the filling of about 60 acres of wetlands along Minisceongo Creek. 
The net effect of plant construction on the site bas been to displace 
all species except those capable of adapting to the mix of urban, 
suburban, and industrial land use typical of the site and the Haver
straw area. The power plant was connected to an existing transmis
sion corridor by using a 3.4-mi1e underground transmission line. 

4.85 Potential Salt Drift From Cooling Towers. If c1osed
cycle cooling is required at Bowline Point in the future, the poten
tial exists for damage to vegetation from salt drift produced by 
cooling towers during the months when river water used for make-up is 
saline. Although the term "salt drift" is a misnomer, it bas been 
used consistently for decades; the effect of brackish water droplets 
to plants is due principally to the chloride ion (Boyce, 1954). 

4.86 Several factors limit the ability to estimate the poten
tial for damage to vegetation from salt drift from cooling towers at 
Bowline Point. The acute effect of salt drift from cooling towers on 
vegetation has only recently become the subject of research. Only 
two studies reported in scientific journals or other publications 
have produced reliable data on the response of vegetation to salt 

4-45 



1 7 
• • 

drift (McCune et al. L,197.l; Silberman and McCune, 1978). In these 
studies, only eleven species of trees and shrubs were tested, only 
one exposure interval (either 4 or 6 hours) was used for each 
species, and only seedlings and saplings of nursery stocks were 
exposed. The response of indigenous and mature plants may be differ
ent, and deposition rate response may not be directly proportional to 
length of exposure. Salt drift s aDd to f oweri and 
frui have not been studied No data are available for more than 

~ ~,. 200 plants in the Bowline Point area.' 

~ ? 4.87 Rates of salt drift deposition at Bowline Point were 
~- estimated for 1964-5, 1974, and 1978 at 0.1 mile intervals Co a dis

tance of 2.0 miles from the site of the proposed towers usi~1g a com
puter model (see Appendix E). 1964-5 was selected as representative 
of a drought year. Hourly meteorological data for 1974 and 1978 
(wind speed and direction at 200 or 350 feet, relative humidity, and 
temperature) and river salinities in conjunction with a cooling tower 
salinity concentration factor of 2.4 were inputs to the DOd~l 
(McLain, 1979). Since onsite meteorological data are not available 
for 1964-5, deposition rates for that period were calculated by mul
tiplying 1978 rates by 1964-5:1978 monthly salinity ratios (Table 
4-A) (salinity data were available for October-December 1964 and 
January -September 1965). Isopleths of 1964-5, 1974, and 1978 mean 
monthly deposition due to the Bowline Point facilities alone are pre
sented in Appendix E. 

4.88 Total salt deposition at Bowline Point' would also in-
clude drift from proposed towers at Indian Point and natural drift 
mostly from the Hudson River. Maximum, mean monthly, total solute 
deposition that would result within one mile of Bowline Point from 
the proposed Indian Point cooling towers (Table 4-~ was estimated 
using deposition estimates for 1977 (Environmental Systems Corpora
tion, 1978) in conjunction with 1964-5:1978 salinity ratios at 
Bowline Point. Maximum, mean monthly, natural total solute deposi
tion within one mile of the proposed Bowline Point towers (Table 4-~ 
was extrapolated from in-situ measurements by Mulchi et al. (1976) 
and salinity data in Mulc~t al. (1976) and Orange and Rockland 
Utilities, Inc. (1977). 

4.89 Maximum mean monthly total salt drift deposition rates 
at selected intervals from the site of the proposed towers at Bowline 
Point are given in Table 4-16(isopleths in Appendix E do not incor
porate the additional salt deposition from natural sources and from 
towers at Indian Point if they are constructed). Maximum total depo
sition rates were used to assess potential effects on vegetation. 

4.90 Acute No-Visible-Effect Levels for Plants. The Acute 
No-Visible-Effect Level (ANVEL) of salt deposition for each species 
tested by McCune et al. (1977) and Silberman and McCune (1978) is 
presented in Table 4-14 Flowering dogwood, white ash, and Canadian 
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TABLE 4-.15 

BOWLINE POINT MEAN MONTHLY 1964-5:1978 SALINITY RATIOS, 
MAXIMUM POTENTIAL DEPOSITION RATES CAUSED BY PROPOSED 

INDIAN POINT COOLING TOWERS, AND MAXIMUM NATURAL TOTAL 
SOLUTE DkPOSITION RATES 

MAXIMUM POTENTIAL 
TOTAL SOLUTES MAXIMUM AVERAGE 

1964-5: DEPOSITION FROM NATURAL TOTAL 
1978 PRoPOSED INDIAN SOLUTES 

SALINITY POINT TOWERSb DEPOSITIO~ 
MONTH RATIOS (kg/ha/IIO) (kg/ha/IIO) 

January 53.90 3.935 0.91 

February 0.36 0.026 0.91 

March 2.20 0.161 0.91 

April 1.00 0.073 0.91 

May 9.50 0.694 0.91 

June 4.82 0.352 0.91 

July 1.14 0.083 0.91 

August 1.34 0.098 0.91 

September 1.16 0.085 0.91 

October 3.04 0.222 0.91 

November 2.29 0.167 0.91 

December 1.47 0.107 0.91 

aSource: Dr. Howard McClain, oak Ridge National Laboratory, 
Personal COIIIIunication, December 1979. 

bSource: Estimated using Environmental Systems Corporation (1978) 
projection for 1977 and 1964-5:1978 SALINITY RATIOS AT 
Bowline Poine. 

CExtrapolated using in-situ measurements by Mulchi et ale (1976) 
and salinity data in Mulchi et ale (1976) and Orange and Rockland 
Utilities, Inc. (1977). 
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TABLE 4-16 

MAXIMUM, MEAN MONTHLY, TOTAL SALT .POSITION RATES 
(kg/ba/llo) FOR 19f;4-S, 1974, AND 1978 AT SELECTED INTERVALS 

(MILE) FROM THE PROPOSED BOWLINE POINT COOLING TOWERS 

19511-5 I§7~ 
0.2 0.3 0.9 0.2 

MONTH aile mile mile aile 

Jswary 47.9 30.4 8.0 6.4 

February 2.2 1.8 1.0 2.0 

Karch 4.8 3.5 1.3 1.7 

April 1.5 1.3 1.0 1.7 

Kay 9.1 5.0 2.1 2.1 

June 45.5 20.8 3.5 6.0 

July 46.5 20.8 6.0 1.5 

August 36.6 20.9 6.1 1.5 

September 55.0 28.5 8.2 4.2 

October 82.5 48.8 6.1 9.1 

November 134.8 77.2 10.1 1.9 

December 39.9 27.7 4.3 1.1 
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TABLE 4-17 

ACUTE XO-VISIBLE-EFFECT LEVELS (~\VEL1S) (kg/ha/ma) OF TOTAL 
. SOLUTES DEPOSITED OX XI~'"E DECIDrOT.:S AXD TIm EVERGREEX 

PLA."T SPECIES IX GREE~;}{OrSE AEROSOL EXPOSl"RE CHA!-1BERS 

SPECIES 

Tsuga canadensis 
Canadian Hemlock 

Fraxinus americana 
White Ash 

Cornus florida 
Flowering Dogwood 

Pinus strobus 
\o.'hite Pine 

Forsythia intercedia 
Forsythia 

Quercus prinus 
Chestnut Oak 

Robinia pseudo-acacia 
Black Locust 

Albizia julibrissin 
~11l!losa 

Acer rubru:::J. 
Red ~1aple 

Koelreutaria paniculata 
Golden Rain Tree 

Hal!laoelis virginiana 
1.:1 tch Hazel 

aSource: 
bSource: 

S11 beI":lan and ~'1cCune, 1978. 
~kCune et al., 197 i. 

kg TOTAL SOLllES/ 
HECTARE/!-10XTH 

<91.4b (Effective Dose 
which affected 50% of test 
organisms (ED50) • 183.0a ) 

91.4a ,b (ED50 • 254.0a ) 

<1828.8b 

1828.8b 

1828.8b 

1828.8b 

1828.8b 
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hemlock are from 20 to 200 times more sensitive than the other spe
cies tested. Original va~ue8 (microgr .. s Cl-/ca2/4 or 6 hours) 
have been converted to kg total solutes/ha/ao for convenience using 
composition values of Hudson River water at Indian Point (McCune et 
ale 1977). 

4.91 When using ANVIL's and mean monthly deposition rates to .. .. 
assess spec1es effect, 1t must be assumed that these rates are 
directly proportional to time and, therefore, directly proportional 
to each other. the corollary assumption is that the length of expo
sure is irrelevant to effect. These assumptions have not been con
firmed. 

-~ 

4.92 Vegetation in the Vicinity of Bowline Point. Since re-
liable data are available only for tree and shrub species, herbaceous 
vegetation was not studied during a two-day reconnaissance of the 
site. Trees within 0.3 aile of the proposed towers are found mostly 
on stream and ditch banks, along roadsides, and in parklands. Domi
nant trees are red maple (!cer rubrum), black locust (Robinia fseudo
acacia), tree-of heaven (A!I8Dthus altissima), weeping willow Salix 
babylonica}, gray birch (Betula populifolia, and sycamore (Platanus 
occidentalis). None of the other species listed in Table 4-C were 
observed. Remaining terrestrial habitats are occupied predominantly 
by herbaceous old field communities and reed (Phragmites australis) 
dominated marshes. 

4.93 the 0.3-0.9 mile interval is similar to the 0.0-0.3 mile 
segment with the addition mostly of residential plantings of ornamen~ 
tals such as flowering dogwood, white pine, forsythia, and mimosa 
(silk tree). Natural stands of Canadian hemlock do not occur within 
0.9 mile of the proposed tGwers. 

4.94 SQuth Mountain-High Tor State Park is located 0-.9 mile 
from the proposed towers. The 700 foot-high mountain is almost com
pletely forested and is generally characterized by mixed deciduous 
communities. Common canopy species include tulip poplar 
(Liriodendron tulipifera), black birch (Betula lenta), red maple 
sugar maple (A. saccharull), red oak ( ercus rubra), black oak (g. 
velutina), whTte ash (Fraxinus americana and hickories (cafya !R2.). 
Sub canopy dominants include flowering dogwood, witch hazel Hamamelis 
virginiana}, and striped maple (A. pennsylvanica). 

4.95 Potential Acute Impacts to Vegetation at 1974 and 1978 
Deposition Rates. None of the species tested would be visibly, 
acutely affected by 1974 or 1978 maximum, mean monthly, deposition 
rates as estimated by the computer model (see Appendix E). The 
highest 1974 rate (9.1 kg/ halma, Table 4-~ would have been 1.1 
kglhalmo less than the ANVEL of the most sensitive species, Canadian 
hemlock (Table 4-ln. Although the greatest 1978 rate, which would 
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have occurred within 0.2 mile of the proposed tower in Roveaber, 
exceeds the ANVEL of Canadian hemlock and possibly white ash, neither 
species was observed within a 0.3 mile radius during the site v1sit. 
Also white ash would not have leaves in Rovemher. The greatest rate 
in the growing season (44.2 kg/ha/mo) would have been less than 
one-half of the maximum possible ARVEL for white ash and one-fourth 
of the rate that injured 50 percent of test organisms. 

4.96 Potential Acute ~ acts to Ve etation at Drou ht Year 
Deposition Rates 1964-5. Of the species tested, only red maple and 
black locust were observed within 0.3 mile of the proposed tower. 
Reither would probably be visibly, acutely affected at the estimated 
1964-5 deposition rates since ARVEL's for these species' are 14.6 
times greater than the highest deposition rate that would have 
occurred at 0.2 mile. 

4.97 Canadian healock trees growing within 0.3-0.9 mile of 
the proposed towers could have been visibly affected in 1964-5. De
position rates during July through December exceeded the ARVEL for 
Canadian hemlock. . 

4.98 None of the eleven species tested would De ~ffected by 
1964-5 deposition rates beyond 0.9 miles. i.e., within the South 
Mountain-High Tor State Park forest. Four species are common in the 
canopy (red maple, white ash) and subcanopy layers (flowering dog
wood, witch hazel) of the State Park. However, the total number of 
species in the South Mountain-High Tor State Park area probably 
exceeds 200. The effect of salt drift on these species, excluding 
the four above, is unknown. 

4.99 Potential Chronic Salt Drift La acts to Ve etation. 
Chronic impacts of salt drift to vegetation are unknown Talbot 
1979). Patterson et ale (1977) have obtained data that suggest that 
Cl- and Na+ may bioaccumulate in leaves of dogwood, black locust, 
sassafras (Sassafras albidum) and scrub pine (Pinus virginiana). 
This finding may suggest that threshold levels could be attained or 
productivity reduced as a result of long-term salt drift exposure. 
The authors suggest that dogwood may be utilized as a good bioindi
cator of ion accumulation in plants. 

4.100 Potential Salt Drift Lapacts to Fauna. The direct phys-
iological effect of salt drift to vertebrates has not been studied 
but is generally considered to be negligible due to their capacity to 
regulate body salt (Talbot 1979). Effects to other animals have not 
been reported. If salt drift alters plant community structure or 
productivity. fauna would be affected indirectly by loss of food sup
ply or alteration of habitat. 
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Roseton Generating Station 

4.101 The Central Hudson Gas aDd Electric proper,ty containing 
the Roseton seneratina station is 133 acres, formerly the site of a 
brick works. Consttuction of the aoseton plant included completion 
of the fUling of a .. all pond that had been the site of fly ash 
dumping frOil the adjacent DaukaJder plant (F. Dooris, 1977). 
Because of the character of the previous use of the site, the net 
effect of plant cOnstruction aDd operation on the existing terres
trial ecosystems is small. 

4.102 Potential Salt Drift frOB Cooling Towers. If closed
cycle coolina is reqUired 'at tile tosetOn lenerailna station cla1l88e to 
vegetation from salt drift could result. Potential rates of salt 
drift deposition at Roseton were estimated for 1964-5, 1974, and 1978 
in the same manner as for Bowline Point with the exception Qf exclud
ing drift from Indian Point since these towers would not contribute 
to deposition at Roseton. Isopleths of mean monthly deposition due 
to the proposed Roseton towers are presented in Appendix E. Maxiaum, 
mean monthly, total salt drlft deposition rates (aoseton tower rates 
plus natural deposition) at selected intervals frOli the proposed 
towers are listed in Table 4-18. These rates were used in conjunc
tion with the acute no-visible-effect levels (ANVEL) to asses,s 
potential veget:at1on effects. 

4.103 ve~etation iit the Vicinity of Roseton. About 40 percent 
of the land'wit in 0.3 mile of the proposed towers is forested. MOst 
of the forest occurs on a 240 foot-high east-facing slope. Common 
canopy tre~s are red oak, b-lack oak, white oalt, striped _pIe, sugar 
maple, red maple, tree-of-heaven, butternut hickory, pignut hickory, 
black birch, white ash, tulij) poplar, aDd beech. Less than ten 
Canadian hemlocks were observed during the site reconnaissance. 
Flowering dogwood and witeh hazel are common in the subcanopy. 

4.104 More than 75 percent of the land between 0.3 and 0.6 
mile of the proposed tOWers is forested. Species cOliposition is 
similar to the east-facing slope described above with the exception 
of the northwest-facing slope adjacent to the Cedar Hill Cemetery. 
This slope possesses dense natural stands of Canadian hemlock; 
maples, black birch, and beech are also common. 

4.105 Less than half of the cemetery is located within 0.6 
mile of the proposed towers. Many ornmaentals such as dogwood, 
weeping willow, spruce, pine, and Canadian hemlock are _intained. 

4.106 About 16.5 acres of apple orchard occur 0.5-0.6 mile 
west of the proposed towers. The orchard extends well beyond the 0.6 
mile interval. 
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TA&IE 4-18 

MAXIMUM, MEAN MotmIty. tOTAL SALT 011'081TION IATES 
(kg/ha/mo) FOR 1964-S. 1974. AM» 1"8 AT SELECTED INTERVALS 

(MILE) FRoM THE PROPOSED ROSETON COOLING TOWERS 

·!~·IJ • l"~ 1"1 
0.2 0..4 0.2 0.2 

MONTH llile . aile Illle 1I11e aile 

January 3.9 2.9 2.2 1.8 1.8 

February 2.3 1.7 1.3 1.9 2.3 

March 1.9 1.5 1.2 1.6 1.9 

April 1.5 1.2 1.1 1.6 1.5 

May 1.6 1.2 1.1 1.5 1.6 

June 9.6 10.2 5.8 1.8 2.0 

July 29.3 13.4 7.5 1.8 14.6 

August 19.7 9.1 5.4 1.8 4.0 

September 11.0 5.4 3.4 1.8 3.0 

October 27.4 15.8 9.5 2.0 1.8 

November 23.4 14.3 8.9 1.8 1.8 

December 3.1 2.3 1.7 1.8 1.8 
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4.107 Potential Acute 1m acts to Ve etation at 1974 and 1978 
Deposition Rates. rive 0 t e ,e even:apec ea teate or sa t r t 
effects (red maple, white ash, Canadian healoek, dopoocl and witch 
hazel) occur Within 0'.2" :atlea of the propoae4 tOWlilra bot would not 
have been acutely. vi.1blyaffected in 1974 or 1978 (Tables 4-17 and 
4-18). 

4.108 Potential Acute I 
De osition Rate. • e ANVEL of Ca ian oek would have 
bee'n exceed' only to a'-.taDce of le8s tban 0.4' mii. in 196'4-5 
(Table 4-17 and 4-18).rewer than 10 solita~y he-locka were observed 
les. than 0.4 ,mile of tlae propose. to_rsi.urina the a.tte reconnai8-
sance. The natural" staDcls ot"hemlockadjaeent to the cemetery would 
not have been affected aince thlty are 0.4 mile frOlithe proposed 
towers. Red maple, white, ash, dogwood, and witch hazel would not 
have been vi8ibly, acutely aftected at any interval. ARVEL's for the 
remainina 200 or more indigenous species are not known. The poten
tial impact of salt drift to the orchard i. not knoVD since apple 
trees have not been tested for the effects of ealt drift. Similarly, 
the possible aalt drift effect to almost all ornamental species in 
the cemetery cannot be projected. 

4.109 Potential Chronic Salt Drift Impacts to Vegetation and 
Fauna. As described ia previously, chronic effects of salt drift to 
vegetation are unknown. Direct effects on vertebrates are unlikely 
due to their oamoregulatory capacity. Direct impacts on other 
animals are not known. Indirect effects due to changes in habitat 
are possible. 

Cumulative Impact of All Generating Stations 

4.110 Presently existing power plants along the Hudson River 

~~
CCUpy about 1500 acres of land. Proposed facilities would probably 

• equire about an additional 1500 acres. The impact of these faci1i-

~
- ties on upiarid ecosysfeal w111 viry from site to site depending on 

previous use and condition of the land. In gener,al, the changes that 
would occur are most likely to be similar to those described above 
for Bowline and Roseton. The overall land area devoted to power 
plants would be a small percentage of the total land area of the 
Hudson River Valley. 

Wetland Ecosystems 

4.111 Construction of power plants along the shores of the 
Hudson River estuary could potentially affect wetland ecosystems by 
filling for use in the construction of necessary facilities and by 
modification of upland runoff patterns., 
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4.112 Construction of the Bowline Point Generating Station 1" -
resulted in the loss to filling of about 60 acres of wetlands along ~ ~ 
Minisceongo Creek. The creek channel was a180 relocated to empty ~ 
directly into the Hudson River at a point adjacent to the fuel 
storage area, diverting it from the Gassy Point Mars,h to the North 
(see Figure 1-3). The wetland ca.munity covered with fill has been 
completely lost. The effect of the creek diversion on Grassy Point 
Marsh is unknown, but some aoderate alteration is likely to have 
occurred because of the changed water relationships. 

Roseton Generating St.tion 

4.113 Construction of the Roseton station did not alter 
wetlands in the area (F.Dooris, 1977). 

Cumulative I.pact of All Generating Stations 

4.115 The area of wetlands involved in construction of the 
older 59th Street, Lovett, Danskammer, and Albany stations is un
known. Wetlands eliminated at Bowline and Roseton totalled about 60 
acres. No wetlands were involved at Indian Point. Required compli
ance with New York State wetland protection legislation, Section 404 
of the Federal Water Pollution Control Act Amendments of 1972, and 
Section 10 of the River and Harbor Act of 1899 should minimize 
effects of future power facilities on wetlands along the Hudson 
River. 

Aquatic Ecosystems 

4.115 The aquatic ecosystem of the Hudson River estuary can be 
affected by power plant operation through discharges of heated water 
and by entrainment and impingement of organisms. Chemical contami
nants discharged from the power plants are not expected to have 
detrimental effects on aquatic ecosystems. Extensive field measure
ments have been made by the utilities to determine the effects of 
presently operating stations and to provide a baseline for predicting 
the impacts of future power plants to be operated on the river. Much 
of this effort has focused on the striped bass because of its recrea
tional and commercial importance in the region. Simulation models 
have been developed to help predict the long term effect on this 
population. ' 

Impacts of Bowline Point Generating Station 

4.116 Data are available for the years 1971 through 1977 for 
assessing the impact of the Bowline Units 1 and 2 on the aquatic 
ecosystem of the Hudson estuary in the vicinity of Bowline Point. 
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. ~ The data include the effects of the operation of Unit 1 since 1972 
~. and Unit 2 since 1974. The following discussion draws on data given 

~~~~' . 'n L~ler, Matusky, and Skelly (1974, 1975a, 1976a, 1978), Ecological 
~~ Analysts (1976a), and Orange and Rockland (1977). 

},It. 4.117 Phytoplanktoa. The applicant has aueseed entrain.nt 
f and thet'llllli discharge effects on phytoplankton by comparing abund-

ance, species compOlition, and the rate of primary production in the 
intake area of BOWline Poad and in the discharge area in the 8djacent 
river (Lawler, Matusky, and Skelly, 1975b, 1976a, 1978; Orange and 
Rockland, 1977). No significant differencel were found in mean 
abundance between the intake vicinity and the discharge areal. 
Diatom abundance significantly was different, but abundance patterns 
were different from year to year (diatoms more abundant at discharge 
than intake in 1973 and 1975 with the reverse being found in 1974), 
suggesting that these differences may have been due more to different 
evironmental condition. in the river and Bowline Pond than to the 
effects of entraia.nt. Considerable seasonal variation has been 
observed in phytoplankton abundance, but no long tenD trend has been 
found to correlate witb plant operation in the Bowline area. 

4.118 No gro •• effects on primary productivity were found based 
on intake-discharge coaparisonl (Orange and Rockland, 1977). Reduc
tions in primary productivity appeared to range from 10 to 20 
percent but these apparent differences may have resulted from intake 
sampling techniques. 

4.119 Prelently available data do not indicate any significant 
impact of the po1ter plant on· phytoplankton in thi! Bowline vicinity. 
The ab$ence of any long term trends over the years in phytoplankton 
abundance suggests a lack of plant-induced changes in the Bowline 
Point vicinity. Short generation times of phytoplankton and rapid 
recycling of nutrients contained in any algal cells killed by en
trainment may tend to minimize any effects. 

4.120 Zooplankton. Studies on the distribution and abundance 
of microzooplankton during the years 1972-1977 have shown no spatial 
or temporal distribution patterns which suggest significant effects 
of power plant entrainment at ·the population or community levels 
(Orange and Rockland, 1977; Lawler, Matusky and Skelly 1978). 
Entrainment survival studie. showed that microzooplankton generally 
sustained entrainmeat mortalities averaging 4 to 17 percent in 1975 
and 1976 (See Table 4-19 for sample data). Microzooplankton entrain
ment mortality was independent of temperatures below 37 C, the high
est temperature examined. Laboratory investigations of thenDal 
tolerance in major microzooplankton species indicates that substan
tial entrainment mortality should occur only under full-load and/or 
reduced pump-flow conditions, except for the most thermally sensitive 
species. 
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TABLE 4-19 

ENTRAINMENT K>RTALITY OF ZOOPLANKTON (PERCENT) AT BOWLINE GENERATING 
STATION. NUMBERS ARE DIFFERENCES IN INITIAL SURVIVAL BETWEEN 
INTAKE AND DISCHARGE SAMPLES. 

SPECIES 
July 29 -

August 5, 1975 
Temp. 28C 

TOTAL MICROZooPLANKTON 
Keratella cochlearis 

, Coperodmauplii 
Eurytemora affinis 
Acartia tonsa 

t Halicyclops fosteri 
~ Bosmina longirostus 

TOTAL MACRO ZOOPLANKTON 
Monoculodes edwardsi 
Gammarus daiberi 
Edotea triloba 
Neomysis americana 
Chaoborus punctipennis 

6T 8C 

21 

19 
25 

12 
27 

*No organisms of this species collected. 

September 29 -
October 1, 1975 

Temp. 20C 
6T 7C 

* 

15 

December 16 -
December 17, 1975 

Temp. 6C 
6T 6C 

21 

29 
39 

39 

-No significant difference found between intake and discharge survival. 

Source: Ecological Analysts, 1976a. 

( 

SUMMARY. 
FOR.: 1975 

12 

22 



4.121 Studies of the distribution and abundance of macrozoo
plankton conducted from 1972 to 1977 have demonstrated no significant 
effects of power plant entrainment at the population or community 
level (Orange and Rockland, 1977; Lawler, M.tusky, and Skelly, 1978). 
Entrainment survival studies showed that macrozoopla~ton tend to be 
less susceptable to entrainment mortality than microzooplankton, and 
averaged less than 5 percent mortality (see Table 4-19 for sample 
data). However, the .ysid Neo!!sis americana sustained substantial 
mortality at discharge temperatures in excess of 32 C. Latent morta
lities of macrozooplankton were insignificant at discharge tempera
tures below about 25 C, but increased with discharge temperatures 
from 25 to 35 C. Thermal tolerance laboratory inve.tigationa 
predicted that effects of thermal stress would be nealigible under 
most conditions for most species entrained. However, Neamysis 
americana is predicted to sustain substantial or total mortality 
under most daytime operational modes during the summer months. 
During reduced-load nighttime operation (when involvement is maximum) 
no entrainment mortality is expected. 

4~122 Benthic Animals. Benthic communities noraally exhibit 
considerable temporal and spatial variation in abundance and species 
composition. Studies of benthic communities in the Bowline Point 
area from 1972 to 1976 indicated no significant effects on the 
benthos that could be directly attributed to power plant generation. 
No effects on the benthic community in the Bowline vicinity 
attributable to the thermal plume are evident from the available. 
data. Observed differences among sample stations were more likely to 
be due to other environmental and physical factors, such as salinity 
changes, season of the year, and depth. Plume surveys and bottom 
temperatures taken when benthic samples were gathered indicate that 
the thermal discharge rises to the river surface. Where bottom 
communities in the discharge vicinity experience any temperature 
increase at all, it is apparently only 1 to 3 F. Such a small 
temperature difference is unlikely to affect benthic animals directly 
to any significant extent. 

4.123 Other factors that may affect the benthic community 
include scouring of the bottom near the intakes and the discharge 
ports and loss of planktonic larvae by entrainment mortality. 
Planktonie larvae of the dipteran Chaoborus punctipennis are the only 
benthic organisms for which entrainment data are available. No 
entrainment mortality was statistically discernible. Other species 
are not likely to be seriously affected. 

4.124 Entrainment of Fish E,IS, LaIvae. agd Juveniles. The 
abundance of fish egis and larvae 1S generally greater in the Hudson 
River proper than,in BOWline Pond, where the cooling water intake for 
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the Bowline Point Plant is located. Entrainment sampling has been 
carried out using collecting devices at the plant intake and 
discharle to estimate the types and numbers of organisms. carried 
through the plant. Pish eggs, larvae, and juveniles small enough to 
pass through the traveling intake screen (0.95 em or 3/8 inch) are 
entrained with the cooling water passing through the condenser and 
then are discharged back into the Hudson River (see Pigures 1-2, 1-7, 
and 1-8). The primary factors that may cause adverse effects to 
entrained organisms are mechanical and thermal shock. The quantity 
of organisms entrained changes with seasonal variation in the 
abundances of fish egis and larvae occurring in surrounding waters. 

4.125 In addition to the quantity of organisms entrained, the 
rates of u.mediate and latent entrainment mortality must be consid
ered in assessing the significance of entrainment. Sublethal effects 
of passage through the power plant may also be important but are not 
well known. The ~diate effects of entrainment are assessed 
through the observation of organisms collected from the plant dis
charge. Because plant conditions vary depending on operational load, 
season, and equipment used, entrainment mortality varies throulh 
time. To assess the long range effects of power plant entrainment, 
the loss due to entrainment must be compared to species standing 
stocks. 

4.126 It is difficult to measure accurately the numbers of 
eggs, larvae, and juveniles entrained by a power plant. When nets 
are used to sample entrained organisms, the major sampling problems 
include net avoidance, clolging of nets, extrusion of eggs and lar
vae, and inaccurate measurement of the water volume sampled. Samp
ling with a pump and larval table alleviates some of the problems 
associated with net sampling but pumps may damage larger juveniles 
and fragile yolk-sac larvae. Ecological Analysts (1976, 1977) have 
documented the sampling differences that occur between the pump
larval table method and net systems. At the Bowline Point Plant, 
entrainment rates have generally been estu.ated using net samplers, 
while entrainment survival was studied using the pump-larval table 
method. In an assessment of ichthyoplankton sampling programs used 
at Hudson River power plants, Carpenter (undated), an Environmental 
Protection Agency consultant, concluded that the Bowline sampling 
methods would tend to underestimate entrainment of fish eggs, larvae, 
and juveniles. The magnitude of the bias was not estimated, however. 

4.127 The following discussion is based largely on studies 
conducted during 1977. These results are generally also representa
tive of data collected during 1973-1976 (Orange and Rockland. 1977). 
Larvae of the bay anchovy were dominant among entrained fish at the 
Bowline Point Power Plant in 1977, accounting for nearly 70 percent 
of the total (lee Table 4-20). Atlantic tomcod, striped bass, and 

4-59 



• 

"'. ,. 

TABLE 4 .. 20 

l~~OPLANKTON COLLECTED DURINC ABUNDANCE SAMPLINC 
AT. THE BOWLINE POINT PLANT DISCHARCE DURINC 1977 

LIFE RUMlER PERCENT 
SPECIES STAGE COLLECTED COMPOSITION 

Bay anchovy Larvae "13.375 69.B 
Atlantic tOlM:ocl Yolk-aac larvae 2.366 12.3 
Stripecl baas Larvae 763 4.0 
Unidentif iecla Larvae 485 2.5 
White perch EI8 405 2.1 
Bay anchovy Juvenile 258 1.3 
C1upeids· Larvae 248 1.3 
White perch Larvae 227 1.2 
Horone app. Larvae 214 1.1 
Silveraid .. Larvae 145 O.B 
Striped baas Juvenile 135 0.7 
Hogchoker Larvae lOB 0.6 
Atlantic tollCod Larvae 70 0.4 
Clupeids Ega 69 0.4 

" Aaerican eel Junenile S2 0.3 
Striped baas Yolk-sac larvae 33 0.2 
Bay anchovy Igg 30 0.2 
Rainbow s .. lt. Larvae 22 0.1 
Sunfiah Larvae 20 0.1 
White perch Juvenile 19 0.1 
Northern pipefiah Juvenile 16 0.1 
Atlantic silverside Larvae 14 0.1 
Atlantic to~od Juvenile 10 0.1 
Unidentified EI8 9 0.0 
Rainbow smelt Juvenile B 0.0 
Clupeids Juvenile 7 0.0 
Whlte perch Yolk-aac larvae 7 0.0 
Teaaellated darter Yolk-sac larvae 7 0.0 
Minnowa Larvae 6 0.0 
American shad Larvae 4 0.0 

:~:::~~ieda Juvenile 4 0.0 
Juvenile 4 0.0 

Killifish Larvae 4 0.0 
Killifish Juvenile 3- 0.0 
Clupeids Yolk-aac larvae 3 0.0 
Hogchoker Yolk-aac larvae l 0.0 
Weakfish Juvenile 2 0.0 
Silveraid .. Juvenile 1 0.0 
Striped baaa Egg 1 0.0 
Winter flounder Larvae 1 0.0 
Yellow perch Yolk-sac larvae 1 0.0 
Unidentified Igg 1 0.0 
Atlantic t01l\Cod Egg 1 0.0 
Walleye Larvae 1 0.0 
Weakfish Larvae 1 0.0 
Cyprinids Yolk-sac larvae 1 0.0 
Unidentified Yolk-aac larvae 1 0.0 

alndicates that oraani ... were damaged. S4 percent of the damaged larvae occurred 
during the period of peak bay anchovy abundance (after 6 July). Abundance of species 
other than bay anchovy in aamples collected during this period was very low. Other 
damaged o~Bania .. were collected throughout the sampling period when atriped bass, 
white perch. clupeida. and bay anchovy were abundant. 

Source: Ecological· Analyst. 1978a. 
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white perch were also entrained in relatively large numbers, in total 
accounting for another 18% of entrained fish. As a result of the 
time of spawning for these species, the tomcod was primarily 
entrained during the month of March, while striped bass, white perch, 
and bay anchovies were entrained during June and July (see Figure 
4-3) • 

4.128 Entrainment mortality at the Bowline Power Plant has 
been estimated through comparison of survival rates in fish collected 
at the plant intake and discharge. Intake survival has been used as 
a control because organisms collected at the intake had not been 
entrained but had been subjected to sampling and handling stress. 
The entrainment survival percentages (proportion surviving at intake 
divided by proportion surviving at discharge times 100) for dominant 
entrained fish species in 1977 are presented in Table 4-2'1. Although 
the following discussion is based largely on 1977 data, studies 
carried out in 1975-1976 show the same general results (Orange and 
Rockland, 1977). 

4.129 Initial entrainment survival for striped bass, white 
perch, and clupeids is generally greater than 50 percent for dis
charge temperatures below 30 C. At higher temperatures, entrainment 
survival is generally low. The yolk-sac larvae of the Atlantic 
tomcod consistently showed high initial survival (84 to 85 percent). 
Entrainment survival in the bay anchovy is difficult to assess be
cause this species is apparently sensitive to handling and shows very 
high mortality even in intake samples (Orange and Rockland, 1977). 
In most species studied, entrainment mortality appears to be related 
primarily to thermal stress (Ecological Analysts, 1978b) and, there 
fore, is dependent on the operational conditions of the plant. 
Latent entrainment survival measured after 96 hours is less than 
initial survival, but this is difficult to assess because substantial 
mortality occurs in control (intake) as well as discharge samples 
that are held to estimate latent mortality. 

4.130 Utilities and their consultants have calculated esti
mates of entrainment-related loss of fish eggs, juveniles, and larvae 
based on species standing crops, rates of entrainment, and survival 
ratios. These estimates are expressed as the number of larvae killed 
by entrainment in a given year divided by the standing crop of the 
larvae between River Mile 30 and River Mile 50. Losses for the 
following species have been estimated: 

4-61 



40 

III 

~ 
~ ; 
QO 20 ~ 
~ 
0 10 ,.. 
ell 

1 z 

20 

30 

At.lantie toaco4* 20 
,.~ .J.olk-sac larvae 
U. Post yolk-sac larvae 10 
I • Juveniles 

.~ 
~.- k ~~-_.. Inta e 

llbite'per_C:1:l .. J'.' --------.Temperature .,.; . .,...r.... . .. __ __ ." -
4 /' ••• ..., Discharge 

,. •• ". ........... .J •• - . Temperature 

Mar Apr Kay Jun 

*Tomcod spawned in February would not appear 
in March samples. 

FIGURE 4-3 

. . 

Jul Aug 

SEASONAL DISTRIBUTION OF ICHTHYOPLANKTON COLLECTED 
AT THE BOWLINE POINT PLANT DURING 1977 

4-62 

30 

30, 

20 

10 

30 

:20 

10 

-.c.J 
:-

ell ,.. 
::I 

""' Cd ,.. 
ell 

f 
~ 



( ( ( 

TABLE 4-21 

ENTRAINMENT SURVIVAL OF ICHTHYOPLANKTON AT THE BOWLINE POINT PLANT DURING 1977 

SPECIES YOLK-SAC LARVAE POST-YOLK SAC LARVAE 
TEMPERATURE PERCENT 

JUVENILES 
TEMPERATURE PERCENT TEMPERATURE PERCENT 

(C) SURVIVAL (C) SURVIVAL (C) SURVIVAL 

Striped bass 20.0-29.9 20.0-29.9 97 (NS) 20.0-29.9 90 (NS) 
30.0-32.9 30.0-32.9 100 (NS) 30.0-32.9 90 (NS) 
33.0-35.9 33.0-35.9 41 33.0-35.9 43 

White perch 20.0-29.9 20.0-29.9 62 20.0-29.9 
30.0-32.9 30.0-32.9 16 30.0-32.9 
33.0-35.9 33.0-35.9 48 33.0-35.9 

~ Clupeids 20.0-29.9 20.0-29.9 51 (NS) 20.0-29.9 I 
0\ 30.0-32.9 30.0-32.9 30.0-32.9 ~ 

33.0-35.9 33.0-35.9 33.0-35.9 

Bay anchovy 20.0-29.9 NE 20.0-29.9 NE 20.0-29.9 
30.0-32.9 NE 30.0-32.9 NE 30.0-32.9 
33.0-35.9 NE 33.0-35.9 NE 33.0-35.9 

Atlantic 5.5-13.9 84 5.5-13.9 5.5-13.9 
tomcod 14.0-17.9 85 (NS) 14.0-17.9 14.0-17.9 

Note: Dashes indicate less than five organisms collected at the intake or discharge. 
(NE) indicates that no estimate of entrainment survival was made. 
(NS) indicates survival at the discharge not significantly lower than that at 

the intake for a one-tailed z-test at the a- 0.05 level. 



PERCENT LOSS TO STANDING 
CROP nOM ERTRAIRHENT.!. 

SPECIES 1974 1975 

White Perch 0.37 
Striped Bass 2.SS 
Alosa s • (herrin ) 0.03 
aStanding crop between liver Mlle 

1.61 
2.9S 
0.09 

30 and 

soneE 

Orange and Rockland (1977) 
McFadden (1977) 

(1977) 

- Quantitative estimates have not been made for other species affected 
such as the bay anchovy and Atlantic tomcod. 

4.131 Fish I.pinsement. The Bowline Point Station intake 
structure is divided into six bays, three for each o,f the two gener
ating units (see Chapter 1). A traveling screen and screeowash pump 
system is used in each bay for cleaning the screen with a spray of 
water. The traveling screens are constructed of 0.95cm (3/8 inch) 
mesh to prevent laraer fish or debris from passing through the plant 
with the cooling water. Materials retained on the screen are removed 
by the spray of water and discharged on the northeast side of the 
intake. When fmpingement sampling is carried out, fisb retained on 
the screen are sorted from the debris and collected for study. A 
sampling program for impinged fish was initiated in December 1972 and 
has continued at a minimum of once a month. to the present. Since 
1974, impingement sampling has been performed at least once per week, 
and data are now available for samples taken through December 1977. 

4.132 A total of about 60 fish species have been impinged at 
Bowline Point. Based on the five years of data presented in Table 
4- 22, impingement was dominated by white perch (60.5 percent 
average), with striped bass (8.4 percent average), blueback herring 
(7.0 percent average), rainbow smelt (6.0 percent average) alewife 
(5.4 percent average), and Atlantic tomcod (3.5 percent average) also 
impinged in substantial numbers. Weakfish, bluefish, and bay anchovy 
may also be impinged in years when salt intrusion causes river 
conditions in the vicinity of the plant to favor these marine 
species. 

4.133 Estimates of total numbers of fish impinged for selected 
species are presented in Table 4-23. As shown in the table, impinge
ment varies considerably from year to year. Because of the seasonal 
nature of impingement for most species (see Figures 4-4 and 4-5), the 
annual impingement total is sensitive to the relative magnitudes of 
flow rate and impingement rate at any point in time. Prior to 1974, 
only one unit was in operation at Bowline Point, therefore 
impingement was lower in 1973. No long term trends in numbers of 
fish impinged are evident. 
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1973-

RANK SPECIES 
PERCElrI

b OF TOTAL 

1 White Perch 45.9 

2 Alewife 13.3 

3 Blueback herring 10.8 

4 Atlantic tOlllcod 7.5 

5 Weakfish 7.2 

6 Striped bass 4.4 

7 Bay anchovy 2.7 

8 Hogchoker 2.1 

9 Bluefish 1.9 

10 White catfish 0.7 

Ten Nost Abundant Species 
(percent of total) 

aOn1y one unit operating 
b Percent by numbers 

96.5 

( 

TABLE 4-22 

RELATIVE RANKING OF fiSH SPECIES BY h"UMBERS IMPINGED AT B(M.lNE POINT 
GENERATING STATION FOR 1913 THROUGH 1976 

1914 1975 1976 
PERCEh'T

b 
l'ERCENT PERC5T 

SPECIES OF TOTAL SPECIES OF TOTALb SPECIES OF 1'01'Atb 

White perch 57.2 White perch 64.6 White perch 84.7 

Striped bass 13.2 Rainbow smelt 13.9 Striped bass 6.7 

Blueback herring 10.1 Striped bass 11.5 Rainbow smelt 3.6 

Alewife 5.9 Blueback herring 3.0 Blueback herring 0.9 

Atlantic tOlllCod 3.8 Atlantic tomcod 1.7 Gizzard shad 0.7 

Hogchoker 2.6 Alewife 1.2 Atlantic tomcod 0.5 

Rainbow 8IDe1t 1.9 Gizzard shad 1.0 Alewife 0.5 

American shad 1.2 Bluefish 0.8 Tessellated darter 0.4 

Bluefish 1.0 Hogchoker 0.5 Hogchoker 0.4 

Bay anchovy 1.0 Bay anchovy 0.4 Bay anchovy -1:L 

97.1 98.5 98.7 

Source: Orange and Rockland. 1977; Lawler. Matusky. and Skelley. 1978. 

( 

1977 

SPECIES 
PERCEN'l'b 

OF TOTAL 

White perch 50.3 

Rainbow smelt 10.8 

Blueback herring 10.0 

Gizzard sbad 7.3 

Striped bass 6.4 

Alewife 6.0 

Atlantic .tomcocl 4.2 

Hogchoker 1.2 

Bay anchovy 1.0 

White catfish .Jt:.L 

97.7 . 
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SPECIES 

White Perch 

Striped Ba •• 

Atlantic Tomcod 

Alewife 

Blueback Herriag 

TOTAL 

Table 4-23 

ESTIMATES OF TOTAL IMPINGEMENT AT BOWLINE POINT 
FOR SELECTED SPECIES OF FISH DURING 1977 

TOTAL FISH IMPIIGED 

1973a 1974 1975 1976 

99,659 356,939 391,147 275,670 

8,837 82,205 82,059 25.670 

12,584 15,612 16,179 4,561 

19,975 22,323 8,468 5,550 

18,797 44,969 25,564 5,460 

159,852 522,048 523,417 316,911 

aonly unit one operating. 

SOURCE: Orange and Rockland, 1977; Lawler, Matusky & Skelly, 1978. 

( 

1977 AVERAGE 

149,628 254,609+ 

19,072 43.568+ 

12,778 12,343,! 

Data 
Not 14,079+ 

Available 

Data 
Not 23,698+ 

Available 

Dat. 
Not 380,557 

Available 

( 



FIGURE 4~ 
SEASONAL OCCURRENCE OF VARIOUS SPECIES 

IN IMPINGEMENT SAMPLES AT THE BOWLINE GENERATING STATION 
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FIGURE4-5 
SEASONAL VARIATION IN RATE OF FISH IMPINGEMENT 

AT THE BOWLINE POINT POWER STATION 
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4.134 In general, young of the year and yearlings tend to 
dominate impinged assemblages. Many species show increased impinge
ment rates at night. Impinged fish do Rot seem to represent the less 
fit or weaker individuals in a population (Orange and Rockland, 
1977). After ~pingeaent on the traveling screen and discharge near 
the intake, the probability for re-impingement of an individual fish 
has been est~ated at 15 to 65 percent, reduced to 10 percent after 
24 hours (Orange and Rockland, 1977). 

4.135 Impingement survival studies were conducted at the 
Bowline Point Generating Station in 1974 through 1977 (Orange and 
Rockland, 1977). Initial and latent (48 to 156 hours) survival were 
examined to determine the overall effects of the impingement process 
on affected individuals. Impingement survival at Bowline Point 
varies with the species of fish and the screenwashing frequency. 
For example, high initial survival of striped bass (95 percent), 
white perch (84-97 percent), and Atlantic tomcOd (100 percent) was 
observed during 1976-1977 under continuous screenwash conditions (see 
Table 4-24). Survival for intermittent screenwash was lower than 
that for continuous screenwash, and survival of clupeids was lower 
than that of other species (66 percent for continuous screenwashing; 
25 percent for intermittent screenwashing). None of the test 
clupeids survived the latent holding period. It has been difficult to 
assess latent impingement mortality because high latent mortality was 
observed in control organisms (Orange and Rockland, 1977). 

4.136 The impact of fish impingement at the Bowline Point 
Plant can be partially assessed by comparing the number of fish lost 
through impingement to the number of fish in the source population. 
The fraction lost through impingement can be calculated by dividing 
the number impinged by the population standing crop between River 
Mile 30 and River Mile 50. To provide a conservative estimate of 
impingement effects, 100 percent mortality among impinged fish has 
been assumed. Several sampling problems are involved, and a number 
of assumptions must be made in estimating total numbers of fish 
impinged and the popUlation standing crop. The procedures that have 
been followed are summarized by Orange'nd Rockland (1977) and 
evaluated in Barnthouse and Van Winkle (979) and Van Winkle and 
Barnthouse (1979). Under the assumptions used by Orange and 
Rockland, the population loss due to impingement of four selected 
species ranged from 0.001 percent (bay anchovy) to 1.2 percent (white 
perch) in 1975 and 1976 (see Table 4-25). 

4.137 Several factors have been identified that influence 
impingement estimates at the Bowline Point Plant (Barnthouse, 1979). 
One of these is the use of flow rates in the extrapolation of weekly 
or twice-weekly samples to estimates of total impingement. This 
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TABLE 4-26 

IMPIIIGDIIR'l' SURYIVAL AT BONLIRI POINT 
Foa SBLBCTBD PISB SPBCIES DURING 1976-1977 

RUMBBlt , lDCU't SURVIVAL 
OF nn INITIAL 96-dOUB. 

DATE SPECIES (1976) 
Jan-Apr (a) White perch 314 91 23 

Striped bass 45 93 11 

Nov-Dec White percha 5,870 97 55 
White percbb 2,620 88 25 
White perch: 302 100 23 
White perch 664 92 19 
White perCh: 1,575 94 9 
White perch 134 14 
Atlantic 

tOllCoda,b 58 100 100 
Striped bass: 418 95 58 
Striped bas. 269 92 21 
Striped bassc 35 100 20 
Striped bassd 32 100 34 
Striped basse 172 96 13 
Clupeida 137 66 0 
Clupeidb SO 25 0 

(1977) 

Jan-Feb White percha 1,946 84 26 
White perchd 173 99 25 
White perchb 53 74 14 

&collection pit ..-pIes under continuous screeawash mode. 
bCollecti~ pit samples under intermittent screenwash mode. 
Ccontro1 samples from i1lpina_nt collection pit. 
dDiacharge pipe samples under continuous acreenwash mode 
8Discharge pipe samples under intermittent screenwash mode 
fCpntrol sample. from impingement sluiceway discharge pipe. 

Source: Orange and Rockland, 1977. 
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TABLE 4-25 

MONTHS OF GREATEST AND LEAST IMPINGEMENT 
OF STRIPED BASS AT POWER PLANTS ON THE HUDSON RIVER 

MONTHS OF GREATEST MONTHS OF LEAST 
IMPINGEMENT IMPINGEMENT 

POWER PLANT 1973 1974 1975 1973 1974 1975 

Bowline Point 1,2,4,12 1-3 1,3,4,12 6,8,-10 6-9 6,8-11 

~ Lovett 4,8,11,12 1,2,4 1-4 1,5,7,10 5,7-9 5,7,8,10 
I ..... ... Indian Point 1 1,3,4,12 6-9 

Indian Point 2 1,3,4,12 1-3.5 2-4,7,8 5,7,9,10 6,7,9,10 3,5,6,11 

Roseton 5,6,10,11 1-4 

Dan s kalJImer 9-12 6-9 1-4 1-3,5 
1 and 2 

Danska.Daner 9-12 6-9 1,3-5 2-4,11 
3 and 4 

Albany 6-9 1-3,12 

Source: Barnthouse et al., 1977. 



procedure il baled on the a.su.ption that impingement is directly 
proportional to the volu .. of water entering the plant. Although 
this assumption aay not be totally valid, it is not expected to 
introduce a .y.teaatic error or bias into the results. However, 
Barnthouse (1979) hal identified the following four biasel Which may 
potentially affect i~iDle .. nt estimate.: 

• Collection Bfficiency -- Hot all impinge~ fi.h are actually 
collected and counted duringlcreeawa.h monitoring. Thil 
cau.es impingement estimates to be lower than the number of 
fish actually i_pinged. 

• Reimpinl!!!nt -- Depending on the relative location of 
impinged fi.h return and water intakel, fish .. y be impinged 
more than once. Thil bias would tend to overeltimate the 
occurrence of bapingement. 

• I.pinleaent on Inoperative Screens -- When a screen is inop
erative and cannot be rotated and washed, it continuel to 
impinge fish. A screen that is inoperative for one to five 
days .. y i_pinge about 11 percent as many fish as would a 
normally operating screen during that period. Such . 
breakdowns occurred "on many occaslions from 1974 through 
1976" at Bowline (Barnthouse, 1979) and would cause an 
underestimate of i~ingement. 

• IapiDJement Survival -- Hot all iapinged fi.h are kilied. 
For SORe species (notably Atlantic tomcod), a substantial 
proportion of i.pinged filh appear to survive. The assump
tion that all impinged fish are killed would tend to inflate 
estimates of impingement impact. 

In an assessment of these biases at the Bowline Point Plant, 
Barnthouse (1979) concluded that no adjustment factors in excess of 
20 percent would be required for existing impingement estwtes for 
clupeids and Morone spp. (Oranse and Rockland, 1977), but in the case 
of Atlantic to.cod the utility consultant appears to have overestima
ted the impact of impingement during the September to April period by 
a factor of 1.7. 

4.138 Studies to evaluate the effectivene.s of using 
additional barriers at the intakel were initiated at Bowline Point in 
April 1976. During the studies, stationary nets were placed in front 
of the intakes and located in a water velocity field Where currents 
were weak enough to allow fish to move along the net or out of the 
area to avoid imping ... nt. Preliminary baseline studies comparing 
the two Bowline Point unit. showed that, under no~l operating 
conditions (no nets), Unit 1 . impinged only 29 percent as many white 
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perch and 38 percent as many striped bass as Unit 2 (Table 4-26). 
However, when the net was installed across the intake of Unit 2, 
impingement was reduced to the extent that Unit 2 impinged fewer fish 
than Unit 1. Comparison of 0.95 cm and 1.27 cm nets indicates that 
the smaller net is more effective at reducing impingement. 

4.139 Closed Cycle Cooling in 1981. With the installation of 
closed cycle cooling at Bowline in 1981, the intake of Hud~on River 
water will be reduced by 98 percent from the 784,000 gpm required for 
service and once-throuSh cooling water to 16,~00 gpm required for 
make-up and service water. Entrainment of phytoplankton zooplankton; 
and fish eggs, larvae, and juveniles will be reduced proportionately. 
Mortality, however, is expected to be 100 percent. The rate of 
impingment on the traveling screens would probably depend on the 
velocity conditions existing under the new pumping conditions, but is 
expected to be very low. The phytoplankton and zooplankton communi
ties in the Hudson River near Bowline are unlikely to be materially 
affected by the quantity of organisms lost to makeup water. 

4.140 Release of blowdown water from each of the cooling towers 
will be 3300 gpm at a temperature 19°F above ambient. If a diffuser 
is used for the discharge, measurable effects on the river ecosystem 
are unlikely. If a surface discharge is used, some localized effect 
on the aquatic system in the vicinity of the discharge may occur 
because of the elevated temperature of the effluent. The more 
sedentary bentic organisms would probably be affected the most. 

4.141 It is expected that concentrations of chemicals in the 
blowdown water will all meet applicable state and Federal standards, 
and should have no appreciable effect on the receiving waters (see 
Water Quality section). 

Impacts of Roseton Generating Station 

4.142 Data available for an analysis of the impacts of Roseton 
Units 1 and 2 on the Hudson River are primarily for the years 1971 
through 1976. Because the units did not begin full power operation 
until mid to late 1974 (Unit 2 in August and Unit 1 in late Decem
ber), the data include both the effects of the nearby Danskammer 
plant (472 MWe, requiring 316,000 gpm cooling flow), which has been 
operational since 1951, and the Roseton Plant. The following 
discussion relies on data contained in Quirk, Lawler, and Matusky 
(1973), Lawler, Matusky, and Skelly (1975b, 1976b), Ecological 
Analysts (1976b), and Central Hudson Gas and Electric (1977). 

4.143 Phytoplankton. Long term studies of the abundance and 
species composition of phytoplankton communities in the Roseton area 
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TABLE ~-26 
SUMMARY OF IMPINGEMENT BARRIER NET STUDIES 

AT BOWLINE GENERATING STATION 1976-1977 

RATIO OF t-TEST FOR 
UNIT 1 UNIT 2 IMPINGEMENT AT UNIT 1 DIFFERENCE 

SPECIES nb 

White Perch 29 

37 

19 

Striped Bass 22 

37 

11 

NET NUMBER OF 
CONFIGURATION FISH IMPINGED 

No Net 265.38 

No Net 922.13 

0.95-cmd 42.15 

No Net 21.48 

No Net 115.98 

0.95-cm d 4.32 

*Significant difference at a=0.05 

**Significant difference at a=O.OI 

NET NUMBER OF TO BETWEEN UNIT 
CONFIGURATION FISH IMPINGED IMPINGEMENT AT UNIT 2 1 AND UNIT 2 

No Net 915.63 0.29 -2.81** 

1. 27-cmd 646.19 1.43 2.15* 

1. 27-cmd 110.66 0.38 -5.28** 

No Net 93.55 0.23 -2.85** 

1. 27-cmd 39.69 2.92 2.25* 

1. 27-cmd 11.46 0.38 -3.06** 

aNumber of fish per million cubic meters of intake water 

bNumber of paired samples 

cTwo-sided paired t-test 

dMesh size of net 

• Source: Orange and Rockland, 1978. 
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have found no spatial distributions that could be related to plant 
operation (Central Hudson Gas and Electric, 1977). The quantity of 
phytoplankton entrained varied seasonally, with peak densitites 
occurring during late spring, summer, and early fall (see Figure 
4-6). After entra'illDent, primary production rates were consistently 
suppressed when discharge teaperatures exceeded 28 C. However, due 
to rapid dilution of discharge waters, no entrainment effects were 
detected beyond the plant discharge. Available data indicate that 
the operation of Roseton Units 1 and 2 should have only a slight 
effect on the phytoplankton community of the Hudson River in the 
vicinity of the power plant. 

4.144 Zooplankton. Microzooplankton entrainment at Roseton 
varies seasonally with a 8pr1ng maximum followed by a decrease during 
the sUmmer and a second peak in early fall (Central Hudson Gas and 
Electric, 1977). The observed spatial distributions 0.£ microzoo
plankton around Roseton could not be correlated with entrainment 
effects of the power plant. Entrainment survival studies during 1975 
and 1976 showed that microzooplankton generally sustained initial 
mortalities averaging 12 to 16 percent after passing through the 
plant (see Table 4-27 for saaple results). Latent mortality after 48 
hours averaged 6 to 10 percent. Mortality was independent of dis
charge temperature up to 35 C. Results from thetmal tolerance 
laboratory studies suggest that substantial entrainment mortality 
from thermal effects alone should be expected only under full load 
and/or reduced pump flow conditions. From these lines of evidence, 
it is concluded that the effects of power plant entrainment on 
microzooplankton communities in the Roseton area are minimal. 

4.145 Studies of macrozooplankton communities in the Roseton area 
have suggested no effects at the population or community level that 
could be associated with power plant entrainment. Survival studies 
have shown that macrozooplankton generally sustain entrainment 
mortalities averaging less than 10 percent (see Table 4-27 for sample 
results). Latent mortalities were insignificant at discharge 
temperatures below about 25 C but appear to have increased with 
discharge temperatures from 25 to 35 C. Thermal tolerance laboratory 
investigations using major macrozooplankton species predict that 
substantial mortality should occur only at temperatures above the 
range normally observed in the Roseton discharge, therefore little 
entrainment mortality is expected. 

4.146 Benthic Animals. Macrobenthic communities may be 
affected directly by the discharge of a power plant, or the 
planktonic larvae of benthic species may be entrained with the power 
plant cooling water. Migrating benthic adults may periodically occur 
in the water column and at such times would also be susceptible to 
entrainment. The overall distribution and abundance of benthic 
populations in the Roseton area appear to be largely determined by 
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TABLE 4-27 

IMMEDIATE ENTIAINMENT MOllTALITY OF ZOOPLANKTON 
AT THE BOSETON GENEBATING STATION* 

PDCENT !l>RTALITY SPECIES SUMMER FALL WINTER 

Total micro zooplankton 0 10 15 
Keratella cochlearis 0 0 0 
Coppod nauplii 35 0 0 
Eurytemora affinis 0 0 0 
Halicyclops fosteri 0 0 17 
Bosmina longirostris 0 0 0 

Total macrozooplankton 0 0 0 
Gammarus daiberi 0 0 0 
Chaoborus punctipennis 5 0 0 

*Zeros mean that no significant difference was found between immediate 
mortality in intake and discharge samples. 

Source: Ecological Analysts, 1976b. 
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environmental factors (e.I., sedi.ent type, salinity) that are 
independent of power plant operation (Central Hudson Gas an~ 
Electric, 1977). As a result, nearby benthic communities show 
considerable seasonal and temporal variation. 

4.147 Design features of the Roseton discharge probably 
minimize its effect on the benthic community in the area of the 
discharle. Plume studies in 1975, when both units were operatinl, 
show that the heated plume rises to the river surface, so that 
temperature incre •••• o. ,h. ~ot~ in the vicinity are onl~ several 
delrees fahrenheit. This small temperature increase is unlIkely to 

-affect benthlrc communities exposed to it. Some scour may occur in 
the immediate vicinity of the intake and discharge ports, but the 
total area affected should be ·very small in relation to total bottom 
area in the Roseton vicinity. 

;.148 Many benthic species, especially dipterans such as 
Chaoborus sp., have planktonic larvae, which would be subject to 
entrainment mortality. Entrainment mortality has been found to be 
low for Chaoborus (see Table 4-27). Mortality of other dipterans has 
not been directly measured, but river populations are unlikley to be 
seriously affected. Normal stream drift would replace some larvae 
lost to entrainment. 

4.149 Entrainment of Fish Eggs, Larvae, and Juveniles. Cool-
ing water for the Roeeton Plant is taken directly from the Hudson 
River at River Mile 66 passed through the plant, and discharged at a 
location slightly dOWDstream of the intake. Entrainment sampling has 
been carried out since 1973 using collecting devices at the plant 
intake and intermittent sampling hae been conducted at the discharge 
to estimate the types and numbers of organisms passing through the 
plant. Fish eggs, larvae, and juveniles small enough to pass through 
the traveling intake screen (0.95 cm or 3/8 in) are entrained with 
the cooling water passing through the condenser and then are 
discharged back into the river. The primary factors that may cause 
adverse effects during entrainment are mechanical and thermal shock. 
The quantity of organisms entrained changes with seasonal variation 
in the abundances of fish eggs and larvae in surrounding waters, and 
with seasonal changes in flow rates of cooling water in the power 
plant. 

4.150 In addition to the quantity of organisms entrained, the 
rates of immediate and latent entrainment mortality have been stud
ied. Sublethal effects of passage through the power plant may also 
be important but are not well known. Because plant conditions vary 
depending on operational load, season, and equipment used, entrain
ment mortality varies with time. To assess the long range effect of 
entrainment by power plants, the loss due to entrainment must be 
compared to species standing stocks. 
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4.151 It is difficult to measure accurately the concentrations 
of eggs, larvae, and juveniles entrained by a power plant. Rose ton 
data available to date are results from analysis of samples taken 
using 0.580 mm plankton nets (Central Hudson Gas and Electric, 1977). 
When nets are used to sample entrained organisms, the major sampling 
problems include net avoidance, clogging of nets, extrusion of eggs 
and larvae, and inaccurate measurement of water volume sampled. In 
an assessment of ichthyoplankton sampling programs used at Hudson 
River power plants, Carpenter (undated) concluded that Roseton 
sampling methods would tend to underestimate entrainment of fish 
eggs, larvae, and juveniles. The magnitude of the bias was not 
estimated. 

4.152 Prevalent species collected at the Roseton Plant intake 
included white perch, striped bass, Atlantic Tomcod, Alosa spp. 
(probably alewife and blueback herring), and the bay anchovy. Alosa 
spp. eggs and larvae were entrained in greatest numbers. White perch 
eggs are demersal and adhesive and are generally not susceptible to 
entrainment (Figure 4-7). No white perch eggs were collected in 
1974, those eggs collected in 1975 and 1976 were taken in greater 
numbers in bottom samples. Concentrations of white perch larvae 
fluctuated during 1974-1976, but peaked during May and June. The 
eggs of the striped bass were typically found on only a few collect
ing dates per year. The data suggest that late May and early June is 
the period of peak striped bass egg abundance at the Roseton intake. 
The abundance of striped bass juveniles was greatest during June. 
Atlantic tomcod eggs, although demersal and adhesive, have been col
lected in small number at Roseton during January through March. 
Maximum abundance of tomcod larvae was observed during March. Alosa 
spp. eggs and larvae were entrained in larger numbers than other 
species, occuring from April through July. No bay anchovy eggs were 
collected at Roseton during the sampling period. Bay anchovy larvae 
were collected from mid-July through mid-September. In addition, 
American eel, rainbow smelt, sunfishes, tesselated darter, white 
sucker, yellow perch, and various minnows and carps have occurred in 
entrainment samples at Roseton. 

4.153 Entrainment mortality at tbe Roseton Plant has been 
estimated through comparison of survivil rates in fish collected at 
the plant intake and discharge. Intake survival was used as a con
trol because organisms collected at the intake were not entrained but 
were subjected to sampling and bandling stress. The initial entrain
ment survival percentages (proportion surviving at intake divided by 
proportion surviving at discb_rge times 100) for selected entrained 
fisb species in 1976 are presented in Table 4-28. Initial entrain
ment mortality for striped bass, white perch, and clupeids was 
generally 60 percent or greater for discbarge temperatures below 30 
c. At higber discharge temperatures, entrainment survival is 
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FIGURE 4-7 
MEAN ABUNDANCE OF STRIPED BASS AND WHITE PERCH 

LARVAE AT THE ROSETON GENERATING STATION 
DURING 1973 THROUGH 1976 
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TABLE 4-28 ' 

ENTRAINMENT SURVIVAL OF ICB'l'IIYOPLANKTON AT THE ROSETON PLANT DURING 1976 

YOLK-SAC LARVAE POST-YOLK SAC LARVAE JUVENILES 
SPECIES TEMPERA'l'URE PDCDT TEMPERATURE PERCENT tF.MPERlmkE 

(C) SUllVIVAL (C) SURVIVAL (C) 

Striped bass 24.0-29.9 24.0-29.9 62 24.0-29.9 
30.0-32.9 30.0-32.9 55 30.0-32.9 
33.0-37.9 33.0-37.9 8 33.0-37.9 

White perch 24.0-29.9 24.0-29.9 83 (NS) 24.0-30.5 
30.0-32.9 30.0-32.9 38 30.6-33.5 
33.0-37.9 33.0-37.9 6 33.6-37.0 

Clupeids 24.0-30.5 24.0-30.5 59 24.0-30.5 
30.6-33.5 30.6-33.5 14 30.6-33.5 
33.6-37.0 33.6-37.0 0 33.6-37.0 

Note: Dashes indicate sample size at intake or discharge was less than 7. 
NS indicates survival at the discharge not significantly lower than 
that at the intake for a one-tailed t-test at the a s 0.05 level. 

Source: Central Hudson Gas and Electric, 1977. 
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generally low (0-55 percent). In most species itudied, entrainment ~ ~ 
mortality appears to be related primarily to thermal stress. (Bco- ~ 
logical Analysts, ~978b; Central Hudson Gas and. Blectric, 1977.) As 
found at the Bowline Point Plant, latent survival h expected to be 
somewhat less than i.nitial survival, but was not measured at Roseton. 

4.154 Central Hudson Gas and Electric (1977) has calculated 
estimates of entrainment-related loss of fish eggs, juveniles, and 
larvae based on species st~ing crops, rates of entrainaent,·and 
survival rates. These estimates are expressed as the number of 
larvae killed by entrainment in a given year divided by the standing 
crop of the larvae between River Mile 50 and River Mile 70. Losses 
for the following species have been est~ated: 

SPECIES 

White Perch 

Striped Bass 

Alosa spp. 

PERCENT LOSS OF STANDING 
CROP FROM ENTRAINMENTa 

1974 1975 

0.49 1.75 

3.5 

0.54 1.10 

SOURCE 

Central Hudson Gas 
and Electric (1977) 
McFadden (1977) 

Central Hudson Gas 
and Electric (1977) 

astanding crop between River Mile 50 and River Mile 70. 

Quantitative est~ates have not been made for other species affected, 
such as the bay anchovy and Atlantic tomcod. 

4.155 Fish Impingement. Eight traveling screens are utilized 
at the Roseton Generating Station cooling water intake to prevent 
fish from entering the plant. The traveling screens are constructed 
of 0.95 em (3/8 inch) mesh and are cleared of trapped fish ada debris 
with a spray of water. A disposal trough returns screen washings to 
the Hudson River. When ~pingement sampling is carried out, fish 
retained on the screen are sorted from the debris and collected for 
study. A weekly sampling program was initiated in July 1973 and data 
are now available from samples taken through 1976. 

4.156 A total of 41 species were col.ected from the Roseton 
intake screens between July 1973 and December 1976. Based on four 
years of data presented in Table 4-29, white perch (43-71 percent) 
and blueback herring (5-37 percent) were most numerous among the 
~pinged assemblage. Spottail shiner, Atlantic tomcod, alewife, bay 
anchovy and white catfish each represented 2 to 5 percent of the 
individuals when averaged over the three year period. Striped bass 
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TABLE 4-29 

TOTAL ABUlllWlCE ARD PERCENT ccttPOSITIOH' OF ALL FISH SPECIES IN 
DlPIJlGEMEMT COu.ECTIOliIS ncJl THE ROSETON GENERATING STATION FROM 1973 THROUGH 1976 

YEAR 

1973 1974 1975 1976 MEAN PERCENT 
PDCEJIT PERCEII'l' PERCENT PERCENT OF TOTAL FOR 

CCJIMOtf IWIE HilliER or TOTAL .IUHBER or TOTAL IRJMBER OF TOTAL HmlBER OF TOTAL 1973 THROUGH 1976 

White perch 8798 42.75 5654 61.71 18411 49.10 15136 71.10 56.20 
Blueback herrin, 7676 37.30 485 5.30 9549 25.47 1404 6.60 18.66 
Spotall shiner 334 1.62 700 7.65 1902 5.07 1107 5.20 4.88 
Atlantic tOlllcod 78 0.38 860 9.40 613 1.63 1116 '5.29 4.18 
Alewife 1435 6.97 254 2.78 1967 5.25 329 1.55 4.13 
Bay anchovy 1248 6.06 515 5.62 408 1.09 333 1.56 3.58 
White catfish 190 0.92 234 2.56 1059 2.82 406 1.91 2.06 
Striped bass 416 2.02 86 0.94 . 207 0.55 89 0.42 0.98 
Gizzard shad 15 0.07 25 0.27 736 1.96 333 1.56 0.96 
Bluegill 118 0."57 20 0.22 729 1.94 53 0.25 0.74 
l'\DIpkinseed 16 0.08 17 0.84 267 0.71 273 1.28 0.72 
Rainbow smelt 97 0.47 14 0.15 445 1.19 74 0.35 0.54 
Rogehoker 74 0.36 40 0.44 243 0.65 129 0.61 0.52 
Allerican shad 19 0.09 28 0.31 342 0.91 51 0.24 0.39 
Tessellated darter 6 0.03 19 0.21 101 0.27 153 0.72 0.31 
A8erican eel 5 0.02 27 0.29 134 0.36 85 0.40 0.27 
Golden shiner 29 0.14 38 0.41 57 0.15 35 0.16 0.22 

\......./ Goldfish 12 0.06 23 0.25 51 0.14 47 0.22 0.17 
Brown bu11hesd 3 0.01 16 0.17 35 0.09 32 0.15 0.11 
Yellow pe~ch 11 0.12 52 0.14 31 0.15 0.10 
Bluefish 1 0.01 109 0.29 0.08 
Banded killifish 3 0.01 6 0.07 31 0.08 34 0.16 0.08 
LargellOuth bass 2 0.02 14 0.04 6 ;t 0.02 
Atlantic sturgeon 3 0.01 4 0.04 9 0.02 2 ;t 0.02 
Redbreast sunfish 4 0.04 6 0.02 4 ;t 0.01 
Black crappIe 3 0.01 2 0.02 3 ;t <0.01 
White crappIe <0.01 
Shortnose sturgeon 1 0.01 <0.01 
Central mudminnov - 1 ;t <0.01 
Carp 4 ~.Ol <0.01 
!llera1d shiner 1 • <0.01 
Spotfin shiner 1 ;t <0.01 
White sucker 2 0.02 <0.01 
Yellow bullhead 3 * <0.01 
Mu.a1cbog 1 * <0.01 
Fourspine stickleback 1 '" <0.01 
Threespine stickleback 2 0.02 4 0.01 1 * <0.01 
White"bass 1 * 4 * <0.01 
Rock bass 1 ;t 3 * 2 ;t <0.01 
Warmoilth 1 * <0.01 
Spot 2 * <0.01 

TOTAL NUMBER COLLECTED 20579 99.9 9153 99.9 37495 99.9 21288 99.8 

TOTAL NUMBER OF SPECIES 23 30 33 33 

- Hone Collected 
;t Less than 0.01 percent 

Source: Central Budson Cas and Electric. 1977. 

4-83 

r 1 ! , 
I 

• 



accounted for less than 1 percent of the individuals during the same 
period. Because of the seasonal nature of ~ing ... nt rates (see 
Figure 4-.8), for most species the annual total number of fish 
u-pinged is sensitive to the relative magnitudes of the flow rate and 
the u-pingement rate. at a given time. No long-term,trends in numbers 
of fish ~inged are evident and yearly changes in u-pinge.ent 
probably reflect natural fluctuations in populations of fish species. 

4.157 In general, young· of the year and yearlings tend to 
dominate impinged assemblages. Many species show increased impinge
ment rates at night. Impinged fish do not seem to represent the less 
fit or weaker individuals. 

4.158 After impingement of white perch on the traveling screen 
and discharge of the fish into the Hudson River, the probability of 
re-impingement was highest at mid-flood tide (37 percent) and lowest 
at mid-ebb (1.7 percent). Nearly all re-impinged fish were captured 
within 1.5 hours of release. The combined re-impingement rate for 
live white perch released over all tidal stages was 23 percent. 

4.159 Impingement survival studies were conducted at the 
Roseton Generating Plant during 1975 and 1976. Initial and latent 
survival (after 96 hours) were examined to detenaine the overall 
effects of the impingement process on affected individuals. Impinge
ment survival at Roseton varies with the species of fish and the 
screenwashing frequency •• ~Sample data pre.ented in Table 4-30 demon
strate the relatively high initial survival and substantially lower 
96 hour survival observed for white perch and striped bass. Blueback 
herring, alewife, centrarchids, and tomcod appeared more sensitive to 
impingement than Morone spp. Continuous screenwashing resulted in 
higher survival than intermittent wash. 

4.160 The impact of fish impingement at the Roseton Plant can 
be partially assessed by comparing the number of fish lost through 
impingement to the number of fish in the source population. The 
fraction lost through impingement can be calculated by dividing the ~1~ 
impingement loss value by the size of the population standing crop ~ 
between River Mile 50 and River Mile 70. To provide conservative 
estimates of impingement effects, 100 percent mortality of impinged 
fish is assumed. Several sampling problema are involved, and a 
number of assumptions must be made in estimating total numbers of 
fish impinged and the population standing crop. The procedures that 
have been followed in making these estimates are summarized by 
Barnthouse and Van Winkle (1979) and Van Winkle and Barnthouse 
(1979). Under the assumption used in Central Hudson Gas and Electric 
(1977), the population loss due to Roseton impingement of four 
selected species ranged from 0.001 percent (bay anchovy) to 0.5 
percent (white perch) in 1975 and 1976 (see Table 4-31). 
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FIGURE 4-8 
SEASONAL VARIATION IN RATES OF IMPINGEMENT AT 

THE ROSETON GENERATING STATION FOR WHITE 
PERCH AND BLUEBACK HERRING 
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TABLE 4-30 

SUMMARY OF FISH IMPINGEMENT SURVIVAL AT THE 
ROSETON GENERATING STATION DURING THE FALL OF 1975a 

SPECIES 

White perch 
Striped bass 
Blueback herring 
Alewife 
Centrarchids 
Atlantic tomcod 

White perch 
Striped bass 
Blueback herring 
Alewife 
Centrarchids 
Atlantic tomcod 

White perch 
Striped bass 
Blueback herring 
Alewife 
Centrarchids 
Atlantic tomcod 

White perch 
Striped bass 
Blueback herring 
Alewife 
Centrarchids 
Atlantic tomcod 

NUMBER 
OF FISH 

PROPORTION 
ALIVE 

INITIALLY 

PROPORTION 
ALIVE AFTER 

96 HOURS 

------CONTINUOUS WASH
b
------

201 0.83 0.08 
4 0.50 0.25 

16 0.25 0.00 
8 0.25 0.00 
0 
4 0.25 0.00 

------2-HOUR WASHb----___ _ 

667 0.60 0.01 
11 0.56 0.00 

5,833 0.06 0.00 
162 0.16 0.00 

25 0.40 0.12 
13 0.39 0.08 

------4-HOUR WASHb-------_ 

239 0.22 0.00 
5 0.00 0.00 

327 0.03 0.00 
54 0.00 0.00 

5 0.60 0.00 
2 0.00 0.00 

------6-HOUR WASH
b
--------

684 0.25 0.00 
6 0.00 0.00 

4,476 0.p6 0.00 
169 0.06 0.00 

0 
0 

aControl fish collected from the Hudson River with beach seines. Only 
striped bass and white perch were maintained. Survival was generally 

bat or near 100 percent for the 96-hour holding period. 
Washwater pressure was 96 psi. 

Source: Central Hudson Gas & Electric (1977) 
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TABLE 4-31 

ESTIKATIOHS OF STANDING CROP LOSS THROUGH 
ROSETO. IMPINGEMENT DURING 1975-1976a 

SPECIES 

White Perch 

Blueback Herring 

Atlantic Tomcod 

Bay Anchovy 

PERCENrb OF STANDING CROP 
LOfT TlROIJeJi apSBTON IMPINGEMENT 9',· 1976 

0.2 - 0.3 0.3 - 0.5 

0.12 - 0.36 0.07 - 0.20 

0.01 - 0.02 0.03 - 0.05 

0.001 - 0.001 0.02 - 0.03 

aStanding crop between River Kile 50 and River Kile 70. 
baange shown is for 30% and 50% sampling gear efficiency. 

Source: Central Hudson Gas and Electric. 1977. 
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4.161 Several factors have been identified that ma7 bias 
impingement estimate. at .Bud'on River PoWer Plants (Barnthouse, 
1979). The.ebi.s~. h.'ve been discussed in the section on iapinge
mant at the Bow'line Point POwer Station. In an a .. esallent of 
iaping_lit" estu.ate bias at the 'Roseton Plant, Barnthouse concluded 
that the following adjustment factors should be applied to Roeeton 
impingement estimates presented in Central Hudson Gas and Electric 
(977) • 

• Estimate of clupeid impingement should be increased by a fac
tor of 1.4. 

• Estimates of Atlantic tomcod impingaent from September to 
April should be reduced by a factor of 0.6. 

• Estimates of white perch and striped bass impingement were not 
found to be biased in excess of 20 percent, the acceptable 
error limit used by BarnthoUse. 

Cumulative Impacts of Present Generating Stations on the Hudson River 
Ecosystea 

, 

4.162 The overall effect of the simultaneous operation of the 
Bowline Point, Lovett, Indian Point, Roseton, and Danskammerpower 
generating stations on the ecosystem of the Hudson River estuary 
downstream of the dam at Troy are discussed in this section. The 
effects of the recently constructed Bowline Point, Indian Point, and 
Roseton plants, are considered in more detail because the other older 
plants have been in operation long enough so that their effects may 
already be reflected in the available baseline data. 

Phytoplankton 

4.163 Several years of sampling in the vicinity of the Bowline 
Point, Lovett, Indian Point, Roseton, and Danskammer power plants has 
revealed no significant local changes in the phytoplankton ca.munity 
attributable to the operation of these generating stations. However, 
these data were not obtained under full-power conditions for all 
proposed power plants along the entire river. Model estimates of the 
temperature distribution along the river for April through September 
under full power conditions and once-through cooling for the Albany, 
Roseton, Danskammer, Indian Point, Lovett, Bowline Point, and 59th 
Street power stations indicate that an overall temperature increase 
of about 1 to 3 F will occur for a few miles downstream from the 
Bowline generating station (Appendix E). The average temperature 
increase is variable with distance from a discharge source and is 
highest in the Indian Point-Bowline Point region. 
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4.164 The effects on the phytoplankton community of a year-
round increase in temperature of only a few degrees ia difficult to 
predict. If any alteration occura it ia likely to be moat prevalent 
during the aeaaonal extremes of temperature. During a mild winter, 
the switch to diatom dominance may not be as prominant. During the 
warmest summer months, an additional heat load would favor blue-green 
algae, a pattern that already naturally occur a in the estuary (see 
Figure 2-18). Some cbanaes in species composition are possible. 
Alterations, if any, are most likely to occur in the Bowline Point
Indian Point region, where water temperature will be increased the 
moat. Ecological Analysts (1977b) have investigated the cumulative 
effects of Roseton, Indian Point, and Bowline Point generating 
stations on Hudaon River phytoplankton. In this study, it is 
concluded that no adverse effects of entrainment on phytoplankton 
communities have been detected or are predicted. Peak discharge 
temperatures may result in slight reductions (10-20 percent) in algal 
productivity at sa.e sites. However, no reductions should be 
detectable beyond the im.ediate vicinity of the power plant 
discharges. 

Hicrozooplankton 

4.165 Studies of entraiaaent mortality of microzooplankton have 
produced mixed results. At Bowline Point and Indian Point, mortality 
increased during the summer, especially for copepods. At Roseton, 
copepod nauplii experienced a significant mortality during the 
summer. 

4.166 Effects of entrainment mortality on the overall river 
population depend on the total number of microzooplankton lost from 
the river and the ability of the population to replace those lost. 
Sampling programs at Bowline Point, Lovett, Indian Point, and 
Danakammer have found no changes in the zooplankton communities of 
these areas attributable to power plant operation. An investigation 
performed by Ecological Analysts (1977b) concluded that no adverse 
Unpacts on Hudson River microzooplankton communities have been 
detected or are predicted to result from entrainment at Bowline 
Point, Roseton, and Indian Point generating stations. The combina
tion of modest entrainment mortality and rapid regeneration times 
typical of aicrozooplankton species makes it unlikely that this 
community will be significantly influenced directly by entrainment. 

4.167 As with phytoplankton, the effect of a small year-round 
increase in average water temperature on microzooplankton is diffi
cult to predict. Some species composition changes are possible 
during years of exceptionally warm ambient water temperatures. 
Species changes could also take place if phytoplankton species 
composition is altered by warmer temperatures. Alterations, if any, 
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are most likely to occur in the Bowline Point-Indian Point region, 
where water temperature will be raised the most. 

Macrozooplankton 

4.168 With the exception of Neomysis americana (oppossum 
shrimp), measuredentrainaent mortality of the major macrozooplankton 

" species i"s very low. NeOilysiB, a saltwater species, is susceptible 
to entraioaent only by Bowline Point, Lovett and Indian Point when 
saline water is in their vicinity during late summer and fall. 
Neomysis is usually abundant only when salinity is one part per 
thousand or greater. 

4.169 Apparently, entrainment mortality of Neomysis is only a 
probl .. at Indian Point "when river temperatures are warmest. Limited 
data at Bowline Point show that Reomysis was entrained in small 
numbers and experienced no detectable mortality. The additional 
mortality within the river population of Reomysis represented by 
entrainment losses at Indian Point has not been calculated, but are 
likely to be small. An investigation performed by Ecological 
Analysts (1977b) concluded that the operations of once-through 
cooling systems at Bowline Point, Indian Point, and Roseton 
generating stations would have no adverse effects on the 
macrozooplankton communities of the Hudson River, nor on the 
organisms that feed on these communities. It is unlikely that 
operation of the power plants on the estuary will significantly 
affect the macrozooplankton community. 

Benthic Animals 

4.170 The use of bottom diffusers at Bowline and Roseton and 
the arrangements for maintaining the plume on the surface at Indian 
Point reduce the direct impact of the thermal discharges on the 
benthic community in the estuary. No widespread modifications of the 
benthos attributable to the operation of the power plants have been 
found in several years of field sampling in the vicinity of these 
plants (Ecological Analysts 1977b). Some local effects of scouring 
at the intake and discharge structures are possible. 

4.171 No overall quantitative estimates are available on the 
entrainment mortality of planktonic stages of benthic organisms. 
Limited data on Chaoborus punctipennis at Roseton suggest very low 
mortality for larvae of this dipteran species. Some mortality can be 
expected for other species as well. The effect of this entrainment 
mortality on the benthic community is unknown at this time, but is 
likely to be quite small. 
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4.172 The overall increase in average water te.perature that 
may occur beCAUse of the interaction of discharge plumes along the 
river, especially in the Bowline Point-Indian Point region 
(Barnthouse et al., 1977; Appendix E) may have only a small effect, 
if any, on the benthic community. The general tendency for the 
warmest water to remain near the surface will prevent benthic animals 
from experiencing the main impact of the thermal effluents. By the 
time mixing of the heat load into deeper water layers has taken / 
place, heat losses to the atmosphere and cooling by dilution with ~. • 
ambient water probably will have reduced the average·temperature - ~-_l~ 
increase experience4 by the bottom animals to 1 F or less. ~. 

Entrainment of Fish Eggs, Larvae, and Juveniles ~ ~ 
• 

4.173 An initial step in predicting how e,traioment mortality ~~ 
will affect a fish popUlation in the long term is to estimate the ~~~ 
conditional entrainment mortality imposed by power plants. Condi- ~- ~ 
tional entrainment mortality is defined as the percentage of eggs and ~~. 
larvae spawned that year that would have been killed if the only 
cause of death was entrainment resulting from operation of the power 
plants. Conditional entrainment mortality may be estimated by using S~~ 
measures of entrainment survival, numbers of organisms entrained, and I r 

the number of organisms in the pool population. None of these para- t-?f 
meters has been measured directly with a high degree of accuracy. 
Therefore, it is necessary to make assumptions and perform extrapo-
lations to transform available data into estimates of the required 
parameters. Several approaches have been used to achieve this end. 
Utilities and their consultants have used a hydro4lD,mic transport 
model, which infers entrainment abundances from ratios of plant to 
river abundances of entrainab1e organisms (Lawler and McFadden, 
1977). In addition, the Utilities have used a simpler approach, in 
which the number of organisms entrained (estimated from plant samples 
and flow rate measurements) is divid~d by the average standing crop 
of entrainable organisms during the specific time period (estimated 
from river sampling) (Orange and Rockland, 1977; Central Hudson Gas 
and Electric, 1977). 

4.174 The major sources of bias and inaccuracy in these 
approaches include grouping entrainab1e organisms across all entrain
able life stages and assumptions about the relative sampling effi
ciencies of plant and river sampling techniques. A discussion 
summarizing the limitations of these approaches is provided in 
Boreman et a1. (1979). The Empirical Transport Model (ETM) has been 
selected by the U.S. Environmental Protection Agency and their con
sultants to remedy some of these problems in an attempt to approxi
mate conditional entrainment mortality more closely (Boreman et a1., 
1978). 
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4.175 Estimates of conditional entrainment mortality are pre-
sented in Table 4-32. Several ET.K runs were made for each fish 
population. Runs using conditions existing in 1974 and 1975 are 
presented to compare ETK estimates to those made by Utilities. Runs 
using projected cooling water requirements provide a basis for 
determining the probable impact of Hudson River power plants with 
expected once-throuah aDd eluaed-cycle operatlng teonditions. Runs 
using expected future requireaents are necessary because additional 
units have becOllle operatlonal.'lnce 1974-1975 (e.g. ,!toseton,' Indian 
Point Unit 3), abdother units are expected to be phased out over the 
next few years (e.g., Unit's at Lovett, DanskamlDer, and Indian Point). 

4.176 Estimates QfcOndit1onal e1)trainmeDt mortality by the 
U.S. Enviroaaental Protection Agency (Table4-~%) are somewhat 

',. , greater, ~han but generally Bt.Uar to estimates of ,the Utilities for 
;-'e", impacts of R~set.on, Inc4an p~nt 3. and Bowline Point in 1974 and 

",1915,'the only case for which comparable estimates' have been made. 
c lbe "~rgest i..-pact is predicted for bay anchovy beca1,1se this species 

ftas very poor survival after passing through poWer plant cooling 
4Jstems. Conditional IPr~.,4li~y predicted for striped bass, white 

, ' Phch, and Alosa sPp."e ~o the operation of all power plants was 
, -"_stimated to be in the range ; of 10 to 20 percent for 1974 and 1975. 

4.177 Projections of the magnitude of conditional entrainment 
mortality that could 'prevail under condit1ons of once-through cooling 
in the future have been made only by the U.S. Environmental Protec
tion Agency (Table 4-32,. In general, condit1onal entrainment mor-

; tality would increase on, the 'order of 3 percent over 1"975 estimates 
for striped bass and white 'perch ami about 10 percent for American 
shad. Mortality Would still be in the range of 15 to 2'2 percent. 
Conditional entrainment *orta11ty for bay anchovy, Atlantic tomcod, 
and Alosa spp. would not change greatly. MOrtality to bay anchovy 
could be very great, al~ the range of estimates is also large. 

4.178 The contribution Qf each power plant to total condi-
tional mortality with once-th~~uah cooling is d~fficu1t to estimate 
because such a breakdowni~ not given in published reports or hearing 
testimony. However~ a rough;estimate based on data contained in 
McFadden and Lawler (1977, Table ) and Table 4-12 suggests that 
for striped bass and white perch the'tr~akdown could be on the order 
of the following: ~ 
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TABLE 4-32 

ESTIMATES OF CONDITIONAL ENTRAINMENT MORTALITY 
RESULTING FROM POtIER PLANTS ON THE UUDSON RJVER 

(percent) -

ESTIMATES OF PAST IMPACTS EPA PROJECTIONS OF 
1974 1975 FUTURE YEARLY I~WACTSb 

.. 
SPECIES £PAD UTILITIES EPAb UTILITIES 

ONCE-THROUGH 
COOLINGc CLOSED-CY~L1~, 

COOLING 

ALLPOWEB.PLANTSe ALL POWER PLANTSe 

Striped bass 11-15 HE IS NE 16-22 4-8 
White perch 11-12 HE 13 "E 16-17 3-4 
Alosa spp. 4 NB 6-11 HE 6-11 1-4 
American shad 14 HE HE HE 21 4 
Atlantic tomcod NE HE 5-S HE 7-8 2 
Bay anchovy 54-7S HE 35-46 HE 44-79 13-25 

llOSETONg, INDIAN POINT 2 t ~SETON. INDIAN POlNT 2 AND 
.AND BOWLIN! POINT ONLyf AND BOWLING POINT ONLyf 

Striped bass 7-S S 13 12 14-17 2-2 
White perch 7-S 6 9-10 6 13-15 1 
Alosa spp. 2 D 4-6 HE 5-S ~1 
Amer!ean shad 9 2 NE HE IS 1 
Atlantic -tomcod HE HE 4-7 4 6-S 2 
Bay anchoVy -3'6~S HE 26~37 HE 38-75 2-S 

p - no estimate made!t 
Mortality that would result if only factor causing death'was power plant 

operation. 
b Estimated using the Empirical Transport Model. 
e Once-through cooling at all power plants. 
d Closed-cycle cooling at Roseton, Indian Point, and Bowline. Lovett and 

Danskammer with once-through cooling. 

3" 

: Total mortality resulting from operation of all power plants.-
Mortality resulting from operation of th~se plants only. Difference between 

e and f is mortality resulting from operation of Danskammer and Lovett. 
g Unit 2 operational in September 1974, Unit 1 operational in December 1974. 
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Power Plant 

Bowline 
Indian Point 2 and 3 
Roseton 
Danskammer and Lovett 

Percent Contribution to 
Total Entrainment 

CondiY-0ual Ho:r~ality . 

14 
43 
19 
24 

12 
59 
12 
18 

If these estimates are approximately correct, then the operation of 
the Indian Point station accounts for a'out one-half of the total 
impact of entrainment of all power plants. The Bowline Point and 
Roseton stations each account for only about 10 to 20 percent of 
total c~nditional mortality. 

4.179 Should closed-cycle cooling be ins.talled at Bowline 
Point, Indian Point, and Roseton, the conditional mortality due to 
operation of all''power plants would dJ'op to a low level (Table 4-32). 
One-half or more of the remaining impact would occur at the Lovett, 
Danskammer, and Albany facilities, which are exempt from any 
requirement for modification of their cooling systems. 

ImpingeJ!l8nt of Fish 

4.180 During the years 1973 through 1977, it is estimated that 
a total of 1.4 to 3.6 million white perch, str1ped bass, American 
shad, alewife, blueback herring, bay anchovy, and Atlantic tomcod 
were impinged annually at Bowline Point, Roset Indian Point, 
Danskammer, and Lovett Generati e 4-33 and 
McFadden, 1978)~ Only the data Table 4-33 
represent conditions of full-scale rci tiog Of all units 

... 

---that will continue to be on-line for t e near future Roseton 
Bowline Point, Indian Point Units 2 and 3, Lovell, Dan ammer and 
Albany. I With the exception of striped bass and alewifes, the 
greate~ number of fish are ·impinged at Indian Point. Impingement of 
alewifes is spread fairly evenly among all plants except Lovett. 
Bowline Point and Indian Point account for most of the impingement of 
striped bass. 

4.181 Although the greatest number of fish were impinged in 
1977, there is no clear trend of increasing impingement through the 
years. The 1977 maximum is related to increased impingement of all 
species at Indian Point during that year. The increase at Indian 
Point was due to 3 greater volume of water passing through the plant 
combined with a higher rate of impingement (No./water volume, i.e., 
more fish in the water). With the continued full scale operation of 
the Indian Point Generating Station, it may be expected that this 
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SI· ..... :U::; AT 1I1J1J!mH IlIVt:Jt l'OWt:K 
PLANTS IMIRING 1!l73 TIIKUUCII 1.977 

TOTAL INDJVJOOAJ.s IHl'JNCF.u
Q 

POVKIt PLAIIT 1973 1974 lcfif-------lmPEnd'.t.:;:---1,97' PERCEN'l' 
OE DllAI (IE :IOXAI..-

WlIJY! Pl!RCn 

1ow11ne b 99,700 3~7 ,500 368,300 275,700 28 1119,600 9 
Indian Point C 83,900 367,800 299.300 440.600 45 1.094.600 68 
Lovett 61.100 87,300 82.800 46,100 5 81.!l00 5 
loRton 9,100 d 37,300 139,400 104.200 11 132.000 8 
Danska_r lU';&:: t·3OO :Z'ggg 117.700 12 140.800 9 

YOI'M. 3 • 9 ,200 9 • 984,300 1.598,000 

snIPED lASS 

1ow11neb 9.300 17,600 81.400 25,700 73 19,100 35 
Indian Point C 1,800 6,300 ~ 6,000 6,100 17 27.700 51 
Loyett 5,5OO d 9,700 5,300 1,600 5 2.700 5 
loseton 500 600 1,400 600 2 2,700 5 
Daoaka_r U· OOO 6 300 ,i:t= ~ 4 ~ 4 

TOTAL ,100 110:500 35,400 5 .1 

AMEl.lCAIi SHAD 
b 200 4,800 1,200 1,200 1.400 IowUne c 15 7 

ladian Point 19 1,500 1,100 4,200 54 12.700 66 
Loyett 4004 1,000 500 45 <1 100 <1 
Roaeton 21 300 2.300 400 5 ' 2,400 13 
Daoau-r 1.300 .. 2.400 2.500 2.00041 26 ~ 14 

TOTAL 1.900 10,000 7,600 7.800 19,200 

ALEWIFE 
b 20.500 22,100 8.400 5,500 35.900 23 1ow11oe c 25 

Ioclian Point 1,100 6,400 4,200 3,500 16 58,630 37 
Lovett 8,700. 3,500 4,900 600 3 1,900 1 
IoMton 1.900 1,500 12,200 2,400 11 37,300 24 
Daasu-r 148.900 H·4OO 29.800 9.900 45 ;:.600 16 

TOTAL 181,200 .900 59.500 21.900 1 .300 

BWEIACK HEUllfG 

1ov11aeb 18,800 45,000 25.600 5.400 2 33.700 5 
Indian Point c 1.000 37,500 155,800 258,300 89 (,37,400 85 
lewett 9,oood 13,800 7,400 400 <1 600 ~1 

Roseton 6.400 2,700 78,900 10,400 4 46,400 6 
Dansu-r 21.200 13 300 100.100 14.200 5 30.100 4 

TOTAL 6 ,400 112:300 367,800 288,700 748,400 
"-../ BAY AJICIIOYY 

1ow11ne b 4,400 4,900 3.700 3,800 20 7,400 4 
Indian Point c 11,900 95,000 96,000 12,100 64 146,!l00 78 
Lovett 4,800 d 4,700 1,600 400 2 1,200 <1 
lIoaeton 1.100 3.400 2,300 2,400 13 31,200 17 
Danab_r . 22.200 2 300 ~ 100 <1 1 300 <1 

TOTAL 44,400 110:300 105,700 18,800 188:000 
ATLANTIC TOMCOD 

::!!:e ~int c 
12,600 13,900 16,100 4,600 5 12,000 2 
28,300 375,700 78,600 34,200 34 747,GOO 92 

Lovell 59.500 d 21,500 4,500 1,300 1 5.200 <1 
Roselon 300 4,300 4,800 7,200 7 19,500 2 
Dansk_r 

~ 1j5.900 46.900 54.600 54 26,900 3 
TOTAL 7 7, 00 5 1,300 150,900 101,900 312.200 

SUK OF ALL SPECIES 1,440,000 1,913,500 1,776,200 1,458.800 3.578.200 

:Total baa been ~oun.ed to oea~eat 100. 
service 10 Hay 1974. Uolt I started co..ercia1 aervice io October 1972; Unit II started co ... rcial 

cSu. of 3 Indian Point Units--Uoit 1 vaa ahut down in October 1974; Unit II started operation in June 1972; 
dUolt 111 "as operated IInch-Dec __ 1914 and surted up apio In January 1976. 

110 " ... l1nl prior to July 1973. Ltalted plant oppratio", until fall of 1974. Unit 2 in full co_reid operation 
in Septa.ber 1914. Unit 1 in Dec.-ber 1974. 

Sou~ce: IleFadden (1971) 
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plant will remain the primary tmpinger among Hudson River power 
plants. 

4.182 Information relating numbers of fish impinged must be 
assessed relative to the total pupulationsize, natural mortality 
rates, reproduction capability, and life history biology of a species' 
to determine the signific&Dc~ of the impact from impingement. Condi
tional impingement mortality may be used as an initial measure of 
impingement impact on a population of fish. Condittonal impingement 
mortality is defIned as the percentage of juvenilefilJh of each 
species spatmed that year ~hat would have been killed if the only 
cause of death to juvenile fish was iDipingement resulting' from 
operation of th~ power plants. The usefulness of this measure is 
that it estimates the imptngement-related fractional reduction in 
year class abundance in the absence of other sources of mortality and 
compensation. Estimates of coniditonal mortality very depending on 
assumptions made in developing input data and scenarios (Barnthouse, 
1979). 

4.183 Estimates of COnditional impingement mortality resulting 
from the operation of the Roseton, Bowline, and Indian Point stations 
are available only for eonditions prevailing in 1974 and 1975 (Table 
4-~. Neither Bowline Point nor Roseton were fully operational dur
ing 1974. In 1975, Indian Point Unit 3 WaS not operational. Based 
on these limited:data, however, it can be seen from Table 4-34 that 
conditional impi~ement mortality, even with once-through cooling at 
all three of these power plants, was relatively low except for white 
perch. In most cases, the Utilities' estimates fell within the ~ 
ranges independently est~ted by the U.s. Environmental Protection 
Agency (Barnthouse and Van Winkle, 1979). 

4.184 Seasonal and spatial variations in riverwide fish 
impingement are evident (Tables 4-35 and 4-36). White perch were 
impinged in greatest quantities at downriver power plants (Bowline, 
Lovett and Indian Point) during January through April, Roseton and 
Danskammer farther upstream from April through June or July, and once 
again in early fall, and at the Albany station (farthest power plant 
upriver) from June through" October. Blueback herring exhibited some 
spring and strong fall impingement at the downriver plants and 
spring, summer, and fall impingement at the upriver plants. The 
~mpingement rate of alewifes was greatest at the upriver plants, and 
occurred almost exclusively during summer and early fall. Bay 
anchovy, a species found only in more saline water, was impinged 
strongly during mid- and late summer at the downriver plants. Very 
large impingement rates for Atlantic tomcod occurred at Danskammer 
during the winter. Downriver, impingement was greatest during the 
summer, occurring principally at Indian Point. A lesser peak in 
impingement occurred during the winter. The impingement patterns for 
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TABLE 4-3' 

ESTIMATES or CORDITIONAL IMPINGEMENT MORTALITY (PERCENT) 
FOR THE 1974 AID 1975 YIAI cLAssES OF WHITE PERCH, 
STRIPED BASS t AND ATI.AlftIC TdIIcoD t ASSUMING THREE 

ALTBlNATIVB CLOSE-CYCLE COOLING CONFIGURATIONS 

CONFIGURATION 

1a 2b 

LOW HIGH LOW HIGH LOW 

White perch (1974) 

Maxi1lUlll range 2.7 15.0 3.0 17.7 4.2 

Probable ranae 3.1 12.8 3.6 14.3 4.9 

White perch (1975) 

Mad.1IUIIl range 1.3 4.2 1.9 6.1 2.4 

Probable range 2.0 4.2 2.9 6.1 3.6 

Striped bass (1974) 0.3 2.3 0.3 2.4 1.0 

Striped bass (1975) 0.1 1.3 0.1 1.3 0.3 

Atlantic tomcod (1974) 0.4 1.8 0.4 1.9 0.4 

Atlantic toacod (1975) 0.1 0.3 0.1 0.4 0.1 

a Indian Point, and Roseton. 

3C 

bClosed-cycle cooling at Bowline, 
Closed-cycle cooling at Bowline, and Indian Point; once-through 
cooling at Ro8eton. 

c Closed-cycle cooling at Indian Point; once-through cooling at 
Bowline and Roseton. 

Source: Barnthouse and Van Winkel, 1979. 
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HIGH 

23.7 

19.5 

7.8 

7.8 

8.1 

2.4 

1.9 

0.4 
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SPECIES 

White P~rch. 

Blueback Herring 

Alewife 

Bay Anchovy 

Atlantic TOJllCod 

Striped Bass 

TABLE 4-35 

BOWLINE 
LOVETT; 

INDIAN POINT 

Winter and Early 
Spring 

Spring, Fall 

Mid-:-to-late ' 
SUlIIDer 

SUJIIIDer, Winter 

POWER PLANT 

IlOSEJQlf 
DANslWtMi!:Il 

Spring and Early 
Summer, Early 

, Fall 

Spring through 
Fall 

Summer and Early 
F,ll 

Winter 

Winter and Early Summer and Early 
Spring Fall 

Sqmmer .. dEarly 
Fall 

Spring through 
Pall ' 

Summer and Early 
FaU 

Summer and'Early 
Fall 

Source: Data presented in Barnthouse et a1., 1977. Tables AS.4~1 
through AS.4.-S. 
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TABLE 4-36 

!l>NTBS OF GUATEST AND LEAST IMPINGEMENT 
OF STRIPED BASS AT POWIt PLAH'l'SON THE HUDS<II RIVER 

, 

1iJirilIA OF GiElTkST MONTHS OF LEAST 
. IMPDlGDDr IMPINGEMENT 

POWER PLANT 1973 1974 1975 1973 1974 1975 

Bowline Point 1,2,4,12 1-3 1,3,4,12 6,8-10 6-9 6,8-11 

Lovett 4,8,11,12 1,2,4 1-4 1,5,7,10 5,7-9 5,7,8,10 

Indian Point 1 1,3,4,12 6-9 

Indian Point 2 1,3,4,12 1-3,5 2-4,7,8 5,7,9,10 6,7,9-11 3,5,6,11 

BDseton 5,6,10,11 1-4 

Danskammer 9-12 6-9 1-4 1-3,5 
1 and 2 

Danskammer 9-12 6-9 1,3-5 2-4,11 
3 and 4 

Albany 6-9 1-3,12 

Source: Appendix E, Table 5. 5-3. 
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all of these species may be related to the tdgra~ory and seasonal 
behavior aspects of their life histories. 

4.185 '!'he ~...--.J "~~~':'~,~r,~"'fbM8:c.·~.,.:i...nt .t 
power plants alona the Hudson River varied between the upstream sta-
tions and ~_o .. 'f.~t doWbStream (Tab-~'j.r3~~88f~·i~6). For 
Bowline Point.~ Lo~tt, aDd Indian Point,,~."llt rates tended to 
be grutest dur1Dj' ttie w£at!lr and -.. ~IY Jprlng tDeeemlMl~ through 
April) and lea~t. ~urlna Ha':~tlii'6uah oct"Ober. At Roseton, Danlltauamer, 
and Albany impinae-nt temltid -to begrutest fYem Julie t-bl.'ough 
October or Noveaber and l_~ ,from January through April. 'l11e reason 
for this pattern is not clear. One possibility is that downriver 
plants are impinging young-of-the-year striped bass during their 
first winter, while upriver plants are impinging yearling striped 
bass. . 

4.186 InforJation rtllating numbers offish impioafld must be 
assessed relative to the total population size, natural mortality 
rates, reproduction capabil,ity, and life history biology of a species 
to determine the 81gnific:aJice of the impact frota impingealll!nt. Con
ditional impingement mortality may be used as an initial measure of 
impingement i.pact ,on a population of fish. '. Copditional impingement 
mortality is defined as the fraction of a population killed due to 
impingement and is· most accurately applied on ' •• peeies year-class 
cohort basis. The usefulness of this measure i .. tha'tit 8stillates 
the impingement-related fractional reduction in year class abundance 
in the absence of other sources of mortality and compensation. 
Estimates of conditional mortality vary depending on assumptions made 
in developing input data and scenarios (Barnthouse, 1979). 

Cumulative Long-Term Impacts to Adult Fish Populations of the Hudson 
River 

4.187 Mortality of fish eggs, larvae, and juveniles due to 
entrainment and impingement at power plants on the Hudson River (pre
sented in previous sectional represents an immediate impact to each 
new year class of fish. As discussed, estimates of these eters 
can be made with a fair d ee 0 co tec -

a ce t e eart of the dispute over the need for 
cooling towers at Bowline Point, Roseton, and Indian Point generating 
stations, however, is the long-term effect of the impact of entrain
ment and impingement mortality on the abundance of adult fish in the 
Hudson River. Estimation of the reduction in future adult populatiQn 
levels is difficult because of reasons related both to the present 
state of knowledge of fishery population dynamics, data required to 
test and apply present theories of fishery management, and problems 
with the adequacy of data presently available on fish stocks of the 
Hudson River. 
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4.188 At present, the Utilities have utilized two methods of 
estimating long-term impacts, both based on an extension of a current 
theory of population dynamics. The u.s. Environmental Protection 
Agency has criticized the underlying data and theory of the Utili
ties' pre8entati~n and has taken the poSition that the long-term 
impact on adult populations cannot be predicted from data presently 
available from the Hudson River and that theory and methods are 
unlikely to be developed in the near future that would allow accurate 
estimation of the impacts of entrainment and impingement mortality on 
adult populations. 

Estimates bY the Utilities of Long-Term Impacts to Fish Popula
tions 

4.189 The Utilities have used the Equilibrium Reduction Equa-
tion method and the Real-Time Life-Cycle Model as their two methods 
for predicting long-term impacts to adult fish populations (McFadden, 
1977; McFadden and Lawler, 1977). The Equilibrium Reduction Equation 
method consists of entering mortality statistics reflecting power 
plant operation into an equation that predicts the percentage by 
which the particular fish population would be reduced on the average 
in the long term. Inputs to the equation are derived from data for a 
particular year. The prediction of long-term impact that is calcu
lated represents the impact that would be expected if those same 
conditions occured every year in the future. The Equilibrium Reduc
tion Equation cannot be used to predict the consequences of future 
changes in power plant operational conditions or the start-up of new 
power plants. Impact estimates for striped bass, white perch, 
Atlantic tomcod, and American shad have been made using this calcula
tion. 

4.190 The Real-Time Life-Cycle Model is a computer simulation 
that has been used in conjunction with the Equilibrium Reduction 
Equation to predict impacts resulting from plant operational patterns 
that vary from year to year and from new plants that are expected to 
commence operation in the future. To date, only estimates of impacts 
on striped bass are available from the use of this simulation. 

4.191 The Utilities have based their impact estimates on data 
gathered from the Hudson River and on several theoretical considera
tions. These considerations are as follows: 

• That the process of compensation i& operating within the 
affected fish populations of the Hudson River • 

• That an inverse relationship between growth rate and abundance 
of juvenile striped bass can be demonstrated as evidence of 
the existence of compensation. 

4-101 



• That hypotheses of natural population regulation concerning 
the relationship between the numbers of spawning adults and 
the numbers of offspring ultimately entering the fishery 
(stock-recruibDent .adels) can be applied to fish species of 
the Hudson ~ver as a way of estimating their compensatory· 
response to additional mortality resulting from entrainment 
and impingement. 

• That the Ricker model of stock recruitment is most appropriate 
for Hudson River fish species. 

• That data from the Hudson River are adequate to estimate the 
parameters of the Ricker formulation, which is the basis for 
all estimates of long-term impact. 

• That a value of 4 for the par_tar a (used as an index of 
the magnitude of compensation) in the Ricker equation is a 
conservative estimate for application to the Hudson River 
situation. 

These premises are discussed in turn below. 

4.192 Demonstration of Compeneation in Fish Populations. An 
important base on which the impact estimates of the Utilities rests 
is the degree to which compensatory machaniBIIs exist within the 
dynamics of the fish populations in the Hudson River. The ex1ste~ce 
of such mechaniBIIs would tend to offset the effects of any additional 
mortality resulting from power plant operations. Compensation refers 
to the tendency of populations·of living organisms to experience an 
increase in death rate or decrease in birth rate as the number of 
organisms increases. Conversely, compensation also requires a 
decrease in death rate or increase in birth rate as population size 
declines (McFadden, 1977). A Dumber of mechanisms could be respon
sible for this effect. These include changes in competition for 
resources, predation, or cannibalism (McFadden, 1977). The pOSition 
of the Utilities is that empirical demonstration of compensation 
acting in fish populations is well documented in the scientific 
literature and that compensatory mechanisms may act rather strongly 
to offset increased mortality from power plants (McFadden, 1977). In 
general, the controversy over compensation has not involved its 
existence but rather how strongly it operates in fish populations. 

4.193 The aost recent data to demonstrate compensation operat-
ing in the striped bass and white perch populations in the Hudson 
River have been presented in Utility Exhibits 49 and 50 (undated) 
submitted as part of the Utilities' case in the Adjudicatory hearings 
of Environmental Protection Agency. In both of these investigations, 
the negative correlation found between population size and growth 
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rate of juveniles was presented as evidence for the operation of 
compensation that is, growth rate is not constant but is affected by 
the number of juvenile fish percent during any year. 

4.194 In Utility Exhibit 50, an index of young-of-the-year 
population size Btriped bass and white perch was obtained by 
averaging catch-per-unit effort values for day bottom trawls at three 
river stations near the Bowline Point generating station for 
Septeaber, October and November. The ihdex of population size was 
the graad average for the three monthly means. The index of growth 
was the mean total length attained by a random sample of young-of
the-year fish collected from 1971 through 1976 by beach seine and 
bottom trawl from the Bowline Point vicinity at or near the end of 
the groWing season (October for striped bass, November for white 
perch). This index of growth was negatively related to the natural 
logarithm of fall population size when variations in river flow for 
February through August were held constant (flow index). 

4.195 In Utility Exhibit 49, riverwide data were used to esti-
mate population and growth of young striped bass. When the effects ~ 
of water temperature on growth were taken into account, a significant 
inverse relationship between fish population size and growth rate was . 
found during July and August for 1965 through 1976. 

4.196 Justification for Using Stock-Recruitment Theory and the 
Ricker Formulation. Given that the process of compensation can be 
demonstrated as occuring within some fish species in the Hudson 
River, the Utilities feel that a proposed theory of natural popula
tion regulation that is concerned with the relationship among the 
size of an adult fish population (spawners) and the size of the 
offspring population (recruits) at some specified age (often the age 
at which they become vulnerable to capture by the commercial fishery) 
can be applied with confidence as the basis for the estimation of 
long-term impact to the fish stock (McFadden, 1977). These theories 
have been called spawner-recruit or stock-recruitment models of 
population dynamics. Among the various theories that have been 
mathematically defined, the Utilities feel that the formulation 
proposed by Ricker (1954) best describes the dynamics of the fish 
species effected by power plant operation in the Hudson River because 
the Ricker formulation emphasizes the compensatory nature of the 
numerical relationship between parent fish and the progeny they 
produce and the Laportance of the earlier life history stages in 
compensation (McFadden, 1977, section 10.3). Because the original 
Ricker formulation applies to a single age spawning population, the 
Utilities have developed an extension of the theory for use with 
multiple age spawning populations such as striped bass. The finding 
of that analysis was that the original formulation provided a 
conservative estimate of power plant impact (McFadden and Lawler, 
1971). 
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4.197 Evaluation of the par8liet.r 0 in the Meker Fi)mula. Ali 
aspect of the Riclter formulation that i8 very bportant to the 
estimate of the mapitude of power plant impacts on adult fiah 
populations is the value of the parameter a (alpha), which can be 
used as an index Of the amount of.coapen8ation in a particular 
species. Tbevalue of 0 can be estimated by fitting the Ricker 
formula to a plot 'of a time series of data of adult population size 
(aduit stock) versus the reaulting progeny population size " 
(recruits). Catch-per-unit-effort data for the commercial striped 
bass fishery on the Hudson River have been used to estiaate the size 
of the adult stock and correspondina~progeny with various lag times 
between parent and proseny generations uaed in the analysis." The 
most recent analysis is given in Utility Exhibit 58. In this 
analysis, values of from 2.7 to 5.3 were calculated for striped bass. 
These calculations were considered by the utilities to support the 
previous utili ties contention that an 0 value of 4.0 used in impact 
estimates is a conservative value (McFadden, 1977; McFadden and 
Lawler, 1977). 'nle value of 4.0 for a is a particularly important 
aspect of the Utility impact analysis because the estimate of 
long-term reduction in the adult population of striped bass using the 
Utilities' method increases very rapidly with values of a smaller 
than 4.0, as shown in Figure 4-.9 • 

4.198 The Real-Time Life Cycle Hodel. The Real-Time-Life-Cycle 
Model is a computer staulation that has been used "by the Utilities to 
predict long-term impacts to striped bass under changing environ
mental and power plant operational conditions (McFadden and Lawler, 
1977). The model utilizes a staulation of the hydrodynamics of the 
Hudson River estuary to determine distribution of striped bass eggs 
and larvae and a life cycle model to predict the long-term reduction 
in the size of the adult population. Details of the model are given 
in McFadden and Lawler (1977). 

4.199 In the young-of-the-year portion of the Real-T1ae Life
Cycle Model, both vertical and longitudinal migration rates are 
calculated directly from field data on distribution of eggs and 
larvae. These migration rates are combined with total egg produc
tion, mortality rates, entrainment and iapingement rates, and river 
transport processes to generate standing crop estimates throughout 
the year. Recruits to adult age-group 1 (one-year-olds) are derived 
from the number of juvenile fish remaining on day" 365 after first 
spawn. 'lbe number of recruits, together with density-independent 
survival rates, is then used to generate an adult population for age 
groups 2 through 14. Given this total adult population, the percent
age of females in it, and the average fecundity and maturation within 
each age group, the total number of egg a that will be produced by the 
population is predicted; this total then serves as an input to the 
young-of-the-year model to generate a new group of one-year-olds, and 
so on. 
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CURVES FOR POWER PLANT 

MORTALITY OF 50 PERCENT 

NATURAL MORTALITY - 99.9% 

1 2 3 4 6 7 9 

VALUE CHOSEN FOR a 

Source: McFadden, 1977. 

FIGURE 4-9 
EFFECT OF PAifMETER a FROM THE RICKER 

STOCK-RECRUITMENT RELATIONSHIP ON ESTIMATES 
OF PERCENT REDUCTION IN EQUILIBRIUM SPAWNING 

STOCK OF STRIPED BASS 
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4.200 Data requirements of the model are parameters related to 
river geometry and mass transport, biological factors , and power 
plant operation. In the river transport model there are 29 longi
tudinal segments divided into 2 vertical segments of equal depth. In 
addition, a correlation was developed between the 12 sampling regions 
of the field surveys of the distribution of eggs and larvae and the 
29 segments of the model, so as to permit direct input of field 
estimates of egg production and comparison of output with Texas 
Instruments estimates of standing crops for later life stages. 

4.201 The simulation of the hydrodynamics of tidal action in 
different layers of the river requires estimates of the maximum flows 
in the upper and lower layers during the ebb and flood tides as well 
as net flows. These flows were obtained and/or calculated from vari
ous field surveys, from modeling studies which employ a three dimen
sional model of the Hudson and, in particular, from 1974 and 1975 
flow data. 

4.202 Biological parameters include egg production, natural 
mortality rates and duration of life stages, compensation parameters, 
larval and juvenile migration, and adult survival and reproduction 
parameters. Temporal and spatial distribution of eggs, larvae and 
juveniles as measured during 1974 and 1975 were used to calibrate the 
model. The compensation function is based on the Beverton-Holt for
mulation and is calibrated through the Ricker stock-recruitment 
analysis for an alpha value of 4.0. 

4.203 Parameters related to power plant operation include plant 
location, plant flow rates, impingement rates, and factors related to 
entrainment. The entrainment factors include the portion of the 
water mass subject to entrainment, the percentage of organisms in the 
river that are drawn through each power plant, the fraction of 
entrained organisms that survive, and the percentage of entrained 
water that is recirculated. 

4.204 Year-to-year variation in environmental and biological 
factors has been provided for in the model through random variation 
in freshwater flow, the temporal and spatial distribution of striped 
bass spawning, and the percentage of organisms in the river that are 
drawn through each plant. Random sequences of conditions used are 
based on historical data. 

4.205 Estimates by the Utilities of Long-Term Reduction in 
Fish Stocks. Estimates by the utilities of the long-term reduction 
in the size of the adult fish stocks in the Hudson River have been 
made using the Equilibrium Reduction Equation only for striped bass, 
white perch, Atlantic tomcod, and American shad for 1974 and 1975 
(Table 4-37). The impacts of the Danskammer and Lovett Plants are 
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TABLE 4-37 

UTILITY ESTIMATES OF LO~G-TERM REDUCTION IN SO~!E ADULT FISH 
STOCKS AS ESTIMATED WITH THE EQUILIBRIUM REDUCTIO~ ·~QUATION 

PERCENT REDUCTION IN EQUILIBRIUH LEVEL " 
OF ADULT STOCK RESULTING FROM 

ENTRAINMENT IMPINGEMENT CO!-tBIXED 
LOSSES LOSSES LOSSES 

POWER PLANT 1974 1975 1974 1975 1974 1975 

STRIPED BASSd 
Bowlinea 1.9 2.2 2.5 0.6 4.4 2.8 

Ros.tonb NE 2.6 NE <0.1 NE 2.6 

Indian PointC 4.2 4.4 0.6 1.0 4.8 5.4 

Combined 6.1 9.2 3.1 1.6 9.2 10.8 

WHITE PERCHe 

Bowlinea 1.6 1.3 2.2 NE 3.8 NE 

Rosetonb NE 1.5 0.2 NE 0.2 NE 

Indian PointC 2.9 2.4 7.1 NE 10.0 NE 

Combined 4.5 5.2 9.5 NE 14.0 NE 

Bowline a NE 2.1 
~TLANTIC TOMCODf~ 

<0.1 NE NE NE 

Roseton b 
NE <0.1 <0.1 NE NE NE 

Indian PointC 
NE 0.5 1.0 NE NE NE 

Combined NE 2.7 1.0 NE NE NE 

Bowline a 0.6 NE 
AMERICAN SHADg 

0.8 NE 1.4 NE 
b Roseton NE NE 0.1 NE 0.1 NE 

Indian Point C 1.7 NE 0.8 NE 2.5 NE 

Combined 2.3 NE 1.7 NE 4.0 NE 

aUnit 2 activated May 1974 
bUnit 2 activated September 1974, Unit 1 activated in December 1974 
cIncludes small effect from Unit 3 in some estimates 
d tx_ 4.0 e tx_ 3.5 a_ 4.5 g tx= 2.0 
NE - not estimated 
Note: date in column heading is year class 

Source: McFadden and Lawler, 1977. 
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not included in the calculation since the utiliti.. believe that 'iil
e have been operating long enough to have their effect reflected.~jf.,"~~· 

baseline condition. As discussed above, a value of a -4 wal ~. OT 
striped bass. Values of a for the other species were not determined 
empirically, but were chosen from among curves presented in Ricker 
(1975), based on what is known about related species (McFadden and 
Lawler, 1977). If the same power plant and natural ecological:' 
conditions actually occurring during 1974 and 1975 were to cont~ue 
through the operating lives of the plants, the utilities estimat" 
that the fish populations would be reduced by the given percentage. 
below the average level that characterized the stock before the new, ,~ 
power generating units were activitated. t 

4.206 The predicted reduction in the striped bass population 
was in the range of 9 to 11 percent (Table 4-.17). For the two years, 
the main impact was due to entrainment losses with about one-half of 
the entrainment impact occurring at the Indian Point generating 
station. Impingement impact was variable among plants for the tWo . 
years. 

4.207 Reduction in the white perch population was estimated to 
be 14 percent based on 1974 data. Lmpingement losses were of greater 
magnitude than entrainment losses. The greatest effect of 
impingement was due to the Indian Point station. 

4.208 Limited data are available for Atlantic tomcod. Stock 
reduction due to entrainment conditions prevailing in 1975 was 
estimated to be 2.7 percent, most of Which was due to the Bowline 
Point plant. Reductions due to impingement in 1974 was estimated to 
be 1.0 percent, almost all of Which was due to the Indian Point 
plant. 

4.209 Simulation of 40 years of operation of Indian Point units 
2 and 3, Roseton units 1 and 2, and Bowline Point units 1 and 2 using 
the Real-Time Life-Cycle Model gave a predicted 8 percent reduction 
in the equilibrium level of the adult stock of striped bass (McFadden 
and Lawler, 1977). Indian Point unit 1 and the Lovett and Danskammer 
plants were not included in the model run because their impact was 
believed to be already reflected in the baseline conditions. 

4.210 u.S. Environmental Protection Agency Review and Analysis 
of Utility Estimates of Lona-Term Impacts to Adult Fish Populations. 
The Utilities have used data from the Hudson River and various 
statistical tests to support and implement the theoretical basis of 
their analysis of the impacts of power plant operations, as described 
above. The following data and statistical evaluations are important 
to the analysis of the utilities. 
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• Data on abundance and growth of juvenile and young-of-the-year 
striped bass and white perch are adequate to demonstrate a 
negative relationship between abundance and growth, thus 
demonstrating the existence of compensation in these popula
tions. 

• The catch-per-unit-effort data from the Hudson River are ade
quate to estimate the size of the parent stock and recruit 
resulting recruit population as input to the Ricker 
atock-recruitment model. 

• The Ricker model fits the spawner-recruit data with satisfac
tory statistical significance. 

- • Statistical analyses of data from the Hudson River indicate 
that a value of a -4 is conservative for striped bass and that 
values for other species can be estimated adequately. 

4.211 The u.S Environmental Protection Agency (EPA) and their 
consultants have evaluated the Utility analyses in testimony dated 
April and May, 1977. In general, the EPA has determined that: 

• The demonstration of a negative correlation between juvenile 
population size and growth does not hold up when the statis
tical basis of the analysis is examined and data for 1977 are 
added to the analysis 

• The questionable accuracy of the catch record gathered by the 
National Marine Fisheries Service and the estimate of fishing 
effort calculated by the Utilities make the reliability of 
these data insufficient for use in determining adult spawning 
and resulting progeny population sizes 

• There is no valid basis for selecting the Ricker model over 
other models of population dynamics (such as the Beverton-Ho1t 
formulation) that could also apply to the fish species of the 
Hudson River 

• The fit of the Ricker model to the spawner-recruit data from 
the Hudson River is poor and is no better than the fit to ran
dOlI nuabers 

• Because of the above considerations, the Utility estimates of 
the parameter a derived from the fitting of the Ricker curve 
to the spawner-recruit data are unreliable 

• Because it is an unreliable estimate, the value of a for 
striped baas could be much lower than the value of a -4 

4-109 



eatimated by the UtUity, which woq1d r4itsult 1.n a IIlUch ~rger 
estillate of loq'"1:ena r.iluc~ion in the ~uilibri ... level of 
the adult striped bass populat;l.on than the Qtilities' estimate 
of 8 to 10 percent. 

Each of these findings is discussed in more detail below. 

4.212 ADal 8i8 of the Uti ities' nstr ion of C nsation. 
The Utilities' demonstrat;l.on 0 . an empirical r.lattpnsw,p between 
population size and growth of juvenile aad youoa~ot~~he~ear striped 
bass and white perch has been presented in Utility Exhibits 49 and 
50. In Utlli~y Exhibit 49, r1-verwide beac1t 8e1.oe data. for juvenile 
striped bass were utilized to estimate population .ize and growth. 
The effects of variations in growth rate due to water temperature 
were accounted for by includ1118 the rate of Hudson R1~r temper.ture 
increase froa 16 to 20 C ~ ,a variable in these regreasipns. A 
statistically significant pegative correlation was found between 
population size and incremental growth and relative growth of 
juvenile striped bass when the effects of temperature were held 
constant. 

4.213 In Utility Exhibit 50, an index of young-of-the-year pop-
ulation size (year class strengt,h) was obtained by averaging; catch 
per unit effort values for daytt.ebottom trawls taken from September 
through November at three stations in~;,erstraw ~y near the Bowline 
Generating Station. The logarithm of population size rather than 
population itself was used as an index of fish abundance. The 
analYSis in Utility Exhibit 50 took variatlons,in river flow between 
February anc:1August into accoun.t as a y~'1able .f:fe~t1ps- :growth, as 
opposed to the analysis in Utility Exhibit 49, in which the effects 
of temperature on growth wer~ factored out. Statisti~a~ly signifi
cant negative relationships between l,ugth and the logarithm of 
population size, once variations in river flow were accounted for, 
were found for striped bass and white perch for the years 1971 
through 1976. 

4.214 Examination of the Utilities' demonstration of an 
empirical relationship between population size and growth of 
young-of-the-ye_r and juven~e striped bass and White perch has. been 
presented in Barnt!1ouse (1979), Rohlf (1979), aDdllete~er and Deriso 
(1979). In general, these authors express serious reservations about 
the quality of the data on fish popUlation size and growth and on the 
statistical analyses used to infer the negative relationship between 
population size and growth. 

4.215 Barnthouse (1979) and Rohlf (1979) have reanalyzed the 
data in Utility Exhibit 50 by incluclina data for 1,977. In botl\ 
cases, the significant re,~tiollfhip betwee.n growth and population 
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size for!*tri.-' '~ji"S:t:& •• the dat1lll pedat for 1977 ·.f4 
added -totbe ·feat' ... ~ .... '1: •• ; ROweVft; '. sipif:£cat Delftive 
correl..'t1b1l .. atill o'td1l*clfft Wlaite perch. . . .' 

: .' 

4.2l6PI.teher U1d1Jeriao U979) Mlieve ·tluit:the me~.ure of 
abutid.inc~for tfttf:,. ;WWs (baatMIon4lllta ita ~1!IIitiiey tntiS\rgh 
Nov_ber) i .. ~t '*.pptbprfate" .inee the l ... tb '~f "striped. bass from 
October s.-pt ... ~ :u •• ' •• 'lddnes:ef'·grovtli. ~"'feel that :data 
for 1fOveaber 116811' be :tfHlnaDtto a _ahr. of .grOWth based on data 
for October alid :.ftia'f · ..... 1'Uilj.t. e1ioMd 1M .ha..-d em abundance data 
only frOil 'a...,l •• ' dbtalllecJ prior tc; ·.,v .... r •. . "'-",' . 

I .t·, 

4.217 Rohlf (1979) has queetioned the use of the type of index 
of river flmr"ellCieetFfot'uW iit Ut{li't1 Dhlbit SO (S(Nea month per
iod' principil edflpOitint"ecbre) j ,)eUtlaathat' aueb an approach has no 
clear :bittrogic8l")Mw:ta .'.1Ie f ... la 1~t total' floW durint the growing 
season or a'wljhted a •• rea. f1oW'(tiaaedott ioaa 'd~oil8trated biololi
caI'iapottance~of ':fl6W lUri1liaifferent adn'ths "Would be a iidre 
resioubie ~ 6f'llicluc11na the effects of river flo. in the analy-
si8'. '. . . )"" , . . . '. ", 

. . . ~-
4.218 PoOM. of elata .y ·haveal.o affected the results 

obt.ne4~ :Data~ltir~Ke 'feats 1974 through 1976 used 'on the analysis 
iii'-Utility Exlrtbit ,'fF_te'ifroa saplea that had been pooled for all 
stationi' aad typel"6f J 'eollectlon gear. Barthouae (1979) has noted 
thft1 'fMs 'JIiOdHtfj"liIduH it6t· introduee . bia.into the artalyd' if the 
averaaeblqtItj;'oi fflilPilol1eete4 w1tlt each gurtype were the saae 
or if the ·dt.-ft'1bot'Ma :'01· the tot·a! c~tc1iMciq' the various &ears 
were thi'saa: !f_:.,~af·;·toyear. Biaee tlleee conditions were not 
met. 'it 'f'.' aat ;~1j ~~.ihIe that 4irro.s ·.illtl'Odue.a bytM pooling 
procedare;ollteiijei tile"tNerelatioitahip beneen population size and 
growfll".. tt'1. £lb4t the e'ri'ors ititro4ueed • apuri01ui'·correlation and 
that in reality-a6'rilitlonahip betw6en pdpulation size, growth, and 
river flow exiats. 

4 21, Ba~~i~ej~t979) .~d Rohlf (1979) have also poi~ted out 
pro''!._ in t ... ialy.ta10f the relatioll.hip between population aize 
and .ravt1l pitleilitW'fil Utility !zhibft· 49. " Beeauje the beach seine 
data·'orb.trlPid~"". for 1969 througl\1t72::vereonly for the Indian 
Poidt arej," th8.4 data'hitve been conftrted,'usUlg rivanddedata for 
1973,t1lisoah'l~5,to'''' ~,uiv.~ent.ta ri~e:nr1d'e samplea., '!'here is 
ao .~h ._tt.t~8dili' die ·techniqaeuaed to adjuat the d.ta~ howeyer, 
thfi Iirntf*l .. u0979., 'feels thlt~ little coilftdence' ~an'be placed ift 

::::~~~~I!+,~:,:~::~;U::-;:!,,~~'~b~~~h a 1 ~;~!:;l:~t~ a:tu:::: 
as fl'otIi 'brl.~lf-'totWth. die v.:lue e.tfiat.d for eileh of"theae 
years. ·ticluaini·'t~ •• ,.~rs .*,,~eeal'cu1atin& the resresation 
analysiS given in the EXhibtt'reaults 'in no statfatlc81·telatiOnship 
between population size and growth. 
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~ '<. I :0 ~ _ • -..; 'J. : .: . . ~ .' __ ' '.' .; j . ... '."' . 

4.221 .: ~~.J'~'7tfl ~1)4;1Qt.l~ .(U79~,"'''',.$~~4 ~luaan
alys,e'fP,r.~Q',~ 'B ~Ai',J~.$~.,.49~"" ,0.",=. qQ •• a,~l,.b 
cQMWere41: ........ ,U1:. i 110- tMt ' r.~~r .cf~ ~ t;-' ,0, t C;O~$der.cl 
riv .. rflo,r~t DO~"i~ ... qt~ •. a. ch4t ~pq~~.~~ J.R~~ .. ntal 
variable:. ~ 4C"",,1fH ,f~",~a .~_ ~.~~~ _l1~ •• , .. S1.ace :~th 
anal,~ •• a.a ........ Dle:" '~iMl¥lat~~D" ~~ .~ta ...s .~.~ 
indices cletendned in both ana1y •••• hou1d 'be po.itive1Y corre1at.~" 
with each other. As calculated in Barntbou.e (1979). the correlation 
of the laclI ... n~ ... r.~t~,"ar,~h~.~~" qf, ~~~1~ Exhi~t ,49 
to tbe,IJ;OW1;Ja '."<iV •• ia;U"A~'Y "ld1t~~,JOrJ"'SIMt ,~ti,~i~~~,. 
81pif'ca.tl'.~f-"'" f~"'L"~O,"~ ~1!~PWC,.ba~,., .~/~0~:w::.1atioa 
of .tripe., .... '. ",u.k~i" :., •• , "'If'.'~ 'qrl, .... "Vf~lj:~l.U~aJ'. : 
cOllPllrllO",'~f .. ~.wII1", .. r.b.~~,.~ IMlJ,~,"~n "~ 
popul.t'.~ .t_ i"Ic ••• , _.,c ... r'ICfIl~,.f( .• rm~ ft~J~~~ .• ~d ~i" •• 
s1anif1.n~ :,"l~i~ JC~lMla~~q,,~, _fQt~~(.( l'~~).:l'~~: .tu.t a 
f1ndl ... qf .tr~ .. _ ,.."i";/~9r~ .. 1"io .. , ."t.8IJ. ~",.,8ets ,~.I~'lwth 
aDd ." ___ e· iaU.. 4..".1,,,,t.D "~_ tow ~hl' .. ;,~~4 q~ pro ... 
v14~ .• Jlo" .",,.Ie fo~~ ..• '" r ... ",t • .1." lcQ~~u.lCJa~:pr ••• Rt~4!", He 
fe.18 ,'_, ,tq ..... "al.~~.,;9f .8\14h,.q~J;~~la~~It.,.qa'~88eriOQs . 
doubt oa.t~ v.1141~J;of .. ,. ~1'8 •• ~. bQl;~·~lb~ts • 

. ,.. , . : 

4.222 Rohlf (1979) noted the iDCOD.18tency ia the conc1u810ns 
of UtlUt' .. 'W.t .. · ...... 4"$9 "'fI.~.~ ·~.f'.f ... t lJ~~~~ ,,~fect1 .. 
gl'qwth .. we~. pae4 "'J"r;JJ. : ; rM< .-.J.J.1~. ~n. qtj.Jl~1, .hh1~~t 49 u .... 
populatioa ,.1H .'\ML_"r '~~'.~UJ'~ ... ,~.di~~or.I:t~Q<~~ "I,."sioa 
al1&l,s1s of ~ .... ff8c~'.,9a~.~~, ~U~()~~'l~f&l.I,~ •. ;c;.rr1~d. oyt in 
UtiUty Exhf,M~,$9 ~",~~t)~~Mrjl.tbai.~(:,PQP~tf,oa ,~~,allCtr1ver 
flo. a,:pred~~~'~'!I!. ~",.,~~~.~,~";~lJ..i~:of,·".ta ~r_ . 
~l~tl ~"M-~ "tI!'l;~~~~~~~ •. "'''PI )~~",PI'.~C:~~~1I ft~ ~ility 
~1bit SO, .It,, JIIIJ •. )!P.M~.) ~~t. ~M, ,r~lct9" ".~\ ~"j D~~~~~y" ~bi~ 
SO ""r. PQor-'J ""'~JoJ' • ..JPf '~M~; r'~~:il~"P·~~fip'r~~ictol'. 'c~,.lly 
u8.4 .. inptU.itl;'.~W.~.'~ ,~".~'~~'~OJl8,,~f' r •• c~d wben 
the pr.~i~to~ .~"11~t.l~~J .. ~1b1t,.4',1I'Ipre .p~lea to the .data 1n 
Utility Exh1bit.,50 •. 'lba ~0 .. 1stenc;i.s ware felt to be. a result of 
the sll811 •• ple· .1 ... ·· .".i1ab1e (ioblf. 1979). . 
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4.223 Another atati.ticalproltl_'with the analysis inUtility 
Exhibits 49 and SO is that the teaperature and flow variables used 
were selected on their observed ability to predict population size 
uBina the s._ set of data. Iohlf (1919) states that this 
invalidates the probabilities found in all tests of significance, 
since these tests· they are conditional on the prelimdnary results of 
the same set of data. Validation of theae results using an 
independent set of data would be necessary. 

4.224 it -.1 ··tlle Catch~ er-Unlt-Effort Data from ·the Hudson 
River. As discusse ear ier, t Ut ty analys·is of long--term 
impact on fish populations is based almost entirely on the use of the 
Ricker stock-recruitment-aodel. Because the parameters of the Ricker 
formulation are calculated from the fit of the model to estimates of 
the population size of adult spawners and their resulting progeny, 
the quality of the~dat. uaed to estiaaCe yearly population.size in 
the Hudson River ia very ,important to the analyais. The Utilities 
have utilized a portion of the commercial catch data from. the Hudson 
River available fra. the National Marine Fisheries for the years 1931 
through 1975 (McFadden. 1977; McFadden and Lawler, 1977; Utility 
Exhibi t S8). These data aDd an iMepeDdent meaaure of the fishing 
effort expended in landlna the catch are used to calculate 
catch-per-unit-effort· aa the measure of atock size. 

4.22S Fletcher aad Dertao (1979) have exaained the quality of 
the availablecatch-per.gn1t-effort calculations of the utilities. 
These authora have noted·thae the catch atatistics are not actual 
catch data butara eati .. t.a by selected fishe~n of what they 
recall their catch of .bad aDd striped bass to be from the year 
previous to each survey. Since· the catch data survey was principally 
concerned with the shad fishery, the Utilities' analysts used a 
constant adjustment feeter for years prior t~ 1965 to correct the 
catch data to refleet the laDdings of those fi8her.n whose catches 
consisted principally of striped bass and, therefore, were not 
included in the aUl'Vey. Fletcher and Deriso (1979) have also noted 
that the data on effort aKp8nded in landing ,the catch are not actual 
measurements of the effort ezpeMecI bJ the fishermen included in the 
survey but w.re calculated iudapendaatly from fishing gear 
registration recorda and state laws regulating gear use. 

4.226 _ Dle uacert~ntiea asaocatecl with the catch and effort 
data have Hen re.s.ewed in McFadden. ( 1977), Fle tcher and· Deriso 
(1979), aDd 6004y .. r (1919&). ·'!bere are seven 1I&in sour.ce& of error 
as saa.arized in Jle.char and Deriso (1979) • 

• Theaaacdotal nature·gfthe data collection method is an 
unreliable iadie.tor of catch. 

4-llJ 



• 'lbe *.plilll _thod ia incbMiateat becau •• of ehanaes in 
intervie_ra. 

• '!be fiaher.an a~1ed are Qot held aeeount.b1. for the aeeur-
8I:.y of tbe1r infolllA tion. 

• Ther. _re no ind.pend.nt _thocl8 of verification of the data. 

• Tbe effort f!aurea to be paired with the cateh figures' are not 
the efforta .etuallt ezpeDded by the "ah.~n from whom the 

. eatch filur.a: writ obt.in". . 

• Aeonstant eorreetioa f.etor waa applied to the data prior to 
1965. 
~ 

• The aaa .. ption of 10&pere.ntua. by fiah.~n of all lear 
reaiatem in any ,..r aad of 100 pere •• t us. by every fiaher
man of the entire atatatoryfiah1aa a .. aon ia unrealiatie. 

4.227 lec.ua. of the requir..ent in thl atock r.eruitment 
cODcept for pairilll .att.atea of adUlt the popul.tion aize of 
spawners With those of recruita ae". ... a1 ,.ars lat.r. the n_ber of 
data point. obtainable fre. thecateb recoJd ia fairly ... 11. As a 
reault. the fit of the Rieker CUrYe to the est1aatea of the aize of 
the adult .peWD1.111 atock .Dd r •• ultina pro •• ny .that are calculated 
froa the catch and .ffelrt data is very a.naiti" to.ny errora in the 
few poiataaYailable. F1eteber aDd Deriao (1979) .t.te that the 
sources of error in catch,.ad effort data cited abov.· .. 1te the level 
of reliability of the data iaaufftc:leDt for thelr uae in estt.ating 
spawning atock .DfI r.cruitpopulation a:1 ... ,· 

4.228 · ... 17.i. of tbe Uae of the Spa~a-Recru1t conc.~a aa 
the .. aia f., IaJ!!ctAIM17ala. . Ia thi vidltl.a • a.-1yaia. t 
e.timatea of apaWRing .tock aDd reaultlaa,rosency population .ize 
are necessary iaP'lts to the ticker a,.WIler-recruit lIOdel used to 
estiaate the lonl-t.ra reduction in adult. equilibriua population size 
due to entratn.nt and 1api ..... ntaortal.1.ty .t· power plant a on the 
Hudson River. The use of tM ticker apetnaer-reeruit lIOde1 a. the 
ba.i. for the eatimataof; ~ta ia juatified· .. y the Utilities on 
the Irounds that atock recruitment principles are widely used in 
fishery .. naaemeat. GeDeral doeu.eat.tioa la prea.at.d in.KeFadden 
(1977) •• ad.pacific .... 'les·of.p.wnar-r.cruitaodel. considered to 
have been ua.d in .. oaa ... nt of fiah atocka are liven in Utility 
Exhibit 59. Fletcher and Diarl.o (1979) have revi •• d the.e euaple. 
by correaponding with thoae al.nciea cited in Utility Exhibit 59 a. 
using .pawner<-recn1t -.od.18 in'their _a .. _nt aetivities. All 
replies to these inquiries indicated that. contrary to the claims of 
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the Utilities, spawner-recruit .odels were not used in the direct 
management of fish atoclta bee .... of the general unreliability of 
such models. Pletcher an4 Deriso (1979) also noted that some of the 
models listed in Utility Exhibit 59 are not even spawner-recruit 
models. 

4.229 Anal si. 0 the. Use of the Ri r S wner-Recruit 
Relationshi or Pi. 0 .tions of the Hudson liver. In applying 
the spawner-recruit concept as the basis or impact estimate, ·the 
Utilities have chosen the Ricker spawner-recruit model as the 
particular formulation that describes the dynamics of fish 
populations in the Hudson River. The Utilities contend that a 
statistically significant fit of the Ricker curve can be made to the 
estimates of the size of the adult and reSUlting progeny populations 
of striped bass. From the resulting fit of the model to the data, an 
estimate can be made of the value of the parameter a, the value of 
which is important in estimating long-term reductio~ in the equilib
rium level of the a4ult population. Docuaentation of the Utilities' 
analyses are presented in McFadden (1977), McFadden and Lawler 
(1979), and Utility Exhibit 58. 

4.230 The fit of the Ricker model to the spawner and recruit 
data presented by the Utilities has been exa.m1ned by several 
consultants to EPA (Christensen et al., 1979. Goodyear, 1979; Robson, 
1979; Rohlf, 1979). The model was found to fit the available data 
very poorly. 

4.231 Rohlf (1979) recalculated the regression fits of the 
Ricker curve to the data presented in Utility Exhibit 58 and found 
that the Ricker model fitted the data very poorly, which was in con
trast to the findings presented in the Exhibit. The inclusion in the 
regression of a variable to account for the effects of river flow 
only slightly improved the fit of the data. 

4.232 Robson (1979), after correcting for statistical defects 
in the Utility analysis found that the Ricker model provided a poor 
fit to the data using 4, 5, 6, or 7 year differences between the par
ent and recruit generations. Except for the analysis using a five 
year difference, these models were not better than, and, in several 
cases, worse than a model specifying that no relationships exist 
among recorded yearly catches. Arranged in rank order, the 
spawner-recruit data were found to be coapatible with the assumption 
that they constitute a random sample from a log-normal distribution. 

4.233 Similar results were obtained by Goodyear (1979), who 
stated that a larae part of the observed fluctuations in the catch 
data used to derive estiaates of spawner and recruit population size 
is probably a result of random factors that affect the reported catch 
data or the striped bass population itself rather than a result of 
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campeDllation operatfDl'W1tbll1 thePopu!atiotl'~ ~oteiit 'thla-, be fIt
ted Ridker curYel.; to "raildOii' · ... t. of' .pwaePreerultf data base '01f 
catc:h stattjtlC11 for *rlp1f1 iba'- . treat' 'the "HU4~On' 'tl1vt.r' Usedln the 
Utlilty analysls. With the Ueept'1on ofth.'e. •• ' ualDg' a lift' year 
time lag between spawners aDd recrults, results of these curve ' 
flttinas to raDdOli uta ware s1ll1l.r to those fi~s obta1.ned in the 
Utillties' nalY.l_, ·t'IIIUc:at~_· tJik1: the ~U"~, -Palts1.s is also 
conalatent with the r"Ult~"t_t.·1IIOU1d·:~·~ttt~dfr_·r •• r."lonof 
random data (e.8 •• no H.l'&ttObah11' ulets beMeti:th8: 81ze ot, the 
adult spawiitnapoPu1.&tlbn 'JriicJ' ·tharaultl. 'prO**nY''popUlatlon). 

I) J - • . ' " 

4.234 "Dl. 'potent~al: ~l~ft,~~e ~f ~~~~Jr.~IIf.Ot1, fit~~d to a 
five year dlfference battlliaep' .~.ril aua recrtllta -USa-sted by the 
finding8 of RDb8(;a" (19~)- abdl:Odcl:Vea,t-' '(1919) ~.d.6tound to b'e 
unrelfa~le because 'thl. 1 .. 18 b'101UgtcllllY' ~n.'8otdable tdr: 'the, Hud
son River striped bass' ~tlon~ 't:hri8teDSen e't ar.' (1'979) have 
investilated 'the, uSe of}·t"~ flve-yIU'r: l~ iiM'd' 1;y the' U~Ultles to 
pair est_tes of jJ~.ti' '1Iitli recru!ta to' die .~' urial aeDeration 
t1ae apprOach, whfeh ~U1dli-etiutre longer: 1418 '~e •• ,'1be' Utility' 
analysis (called the proxy approach) is be.ad on·the beU.ef that 
striped bass older than S years old repreae~t, under equilibrium 
conditlona. tire cOlltrlbbt'1:Oil to IitJM1h&"'o!' S'~ar 01418 later in . 
life. The generiitiontt_ 'approaeh 'bdld. tb.t ~he best' Palrlng of 
apaWners aad recruits '1. tbe't.g tme cl0.eaf'to 'thegeheradim tiite 
of the PoPUlatlO1l.' The generation d,. i's apprOximately the age by . 
which a given "average" female fish bas contributed one-balf of her 
total expected lifetime egg production. . . . ,.", 

4.23SCbrist"on et' al. (1979) ba~~tht'.d the reliability 'ot 
the pro~ apjroach 'a .. ln.t'th~,ae.r8tlon' tlM + apprtnrebby fittiag ,. 
the Ricker cufie to '. a1Jn4a'tecl' ftt' of .pawb~rult' data in 'which 
the geDUetion titie i8 'actually 7 Y,8r8 ~ bttt fot" .t1h1t:h the 
appropriate lag using the prdxY approa~h would be ~year8. A value' 
of a -10 was specified for the simulated set of a data. Por all cases 
tested, the ..atell' of tile fitted! Ricker curVe t'othe' known underlying 
Ricker curVe u.ina a .eftn~ar 1.8 tb palt 8pa~T. and ~cruits was 
always better than the' IIiItcbt ~bbta1ned usiDg a fl;,eyear lag, 
indicating that the geilerat1(m 'time' app~~ach iii .uperier to the proxy 
approach. ,,' , .. 

4.236 ADal •• 'o~ ttbe ValUe' 'of a for the' 1l1cbr Curve. Once 
tbe llelcereiirii~ it beeil! ftifti.d to' t&crat.' oft \ Ji)aiiiwt. q and' , 
recruits, the value of the', par .... ter. can be det'ertdned~' The value 
of this parameter is used by the Utilities as an index of the amount 
of COllpen.atl:oil In the fl.It'~W..tlon. of the' lIb4aoil Rl'f1!r and is ' 
entered into the Eq1il1ibrl.' R8ctdCtlOi1 ~tlon: t6 ' deteftdne tbe long 
teni reductlouin eqU1.1tbr~ pol'tiatlOli 1.....,1' of 'flab populations. 
Determinations by the utilitle.'of the value of utiltzl~ data from 
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the Hudson River are presented in McFadden (1977), McFadden and 
Lawler (1977), Utility Exhibit 58, and Utility Exhibit 137 (1978). A 
value of 0 -4 has been concluded by the Utilities to be a conserva
tive estimate for the striped bass of the Hudson River. The reli
ability of this e.stimate is of critical importance to· the impact 
analysis because values of 0 less than 4 would result in estimates of 
population reduction much larger than those calculated using the 
value of 0 -4. Use of values of 0 greater than 4 would not result in 
impact estimates much less than those predicted using 0 -4 (see 
Figure 4- 9). -

4.237 The u.s. Environmental Protection Agency and their con-
sultants have evaluated the Utility estimates of 0 in Christensen et 
ale (1979), Fletcher and Deriso (1979), Goodyear (1979), and Ricker 
(1979) •. In general, these investigators have found that the estimate 
of a -4 for striped bass is unrealiable and that the value of a 
could be much less. 

4.238 Fletcher and Deriso (1979) and Ricker (1979) have both 
calculated a values for striped bass of less than 2. Fletcher and 
Deriso (1979) utilized Utility beach seine data as estimates of re
cruits. Spawners were estimated from catch data, but the pairing of 
spawners with recruits was adjusted by two years based on an analysis 
of the age composition of the catch. A value of a - 1.32 was calcu
lated. Use of this value in the equilibrium reduction equation would 
result in an estimate of reduction of 80 percent in the equilibrium 
population level of adults. Eliminating a questionable datum point 
and recalculating, gave an estimate of a - 1.604, which would result 
in an estimate of a 52 percent reduction in the equilibrium level of 
adults. The two calculations also indicate the large sensitivity of 
the Utility method to small changes in the value of a when a is 
small. Ricker (1979), working from the premise of Gulland's Rule 
(1970, 1971), calculated a value of ~ - 1.95. 

4.239 Goodyear (1979) fitted Ricker curves using the Utilities' 
method to random sets of spawner-recruit data based on catch statis
tics for striped bass from the Hudson River. Values of a of from 
2.74 to 4.28 were calculated from these data fits. Because such a 
set of random data can result in values of a similar to the 
Utilities' estimate of a -4, Goodyear states that the parameter 
estimate by the Utilities is unreliable and should not be used to 
forecast the long-term reduction in adults reSUlting from power plant 
mortality. 

4.240 The reliability of the estimate of a has also been exam-
ined by Christensen et ale (1979). Their approach, called validation 
analysis, involves fitting a Ricker curve using the Utilities methods 
to a simulated spawner-recruit data set for which the underlying 
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value of a ia known and ca.p~lrilll the value ofa eatiMtecl frOll the 
fitted curve to the known value. The ataulate'-t~ series of data 
utilized in the procedure is based on the salient ~har~teristics of 
the Hudson River eat~h data used by, the Utilities in their analysis. 
The rational behind the validation proeeclure is that if the predeter
ained value of a could be estt.&ted fro. the curvet fitted, to the 
siJlulated data u.ina the Utilities' _thocla, tb.ll it could be con.
cluded that the utility curle fittiua technique -1aht be a reliable 
method of pa.raeter estt.tion. If the va~uea of !: eatimated ,frOll 
curves fitted to the aimulated data sets were very dissimilar to the 
known true a for the data, then little or no confidence could be 
placed in the ability of the curve fitting te~tque to predict the 
value for real data froa the Hudson River. The general conclusion of 
the study vaa that the Utilities' curve fitting •• rcUe vas' inap
propria~e to the problea aDd proclueecl .s.slaadi11l results, and thus 
the estimates of a obtained are unreliable to the point of being use
less. The folloWing specific conclusions were reached: 

• For low true s1aulatedvalue. of Cl (l.0 ~r 1.25) in a simu
lated set of data, the curve- fittins exercise consistently 
tended to overestiaate the value of a. True values of Cl of 5 
or IlOre were usually under e.timated:-

• Chana.. in the estimate of a were unresponsive to changes in 
the true underlying value oT Cl for the .t.ulated set of data. 
As the true value of increased over the r4l1p of 1.25 to 20, 
the .. an value of the estimated a values increased from about 
2 to 3 for a true of 1.25 to about 4 to 6 for a true Cl of 20. 
Individual esti_ted values showed consi~erable variation. 

• Both the prOKy approach and the generation time approach of 
pairing apawners and recruits provided equally poor estimates 
of a frOll the simulated data set. 

• Adding a variable to the curve fitting procedure to account 
for the effects of variation in river flow had very little 
effect on the estimates of the value of a. 

~.24l Analysi. of the R!!l-Time Life=Cy~l! Model. The 
Utilities' Real-Ti_ Life-cycle MoCiel has been reviewed by Golumbek 
et al. (1979). The opinion of these authors is that the model is not 
a reliable tool for making sound fisheries manaaement decisions. The 
reasons for this opinion are discussed below. 

• The conditional entraiDaent mortality rate for striped bass 
loss predicted by the model for 1974 and 1975 (data against 
which model output is validated) is probably 1mderestimated 
by 23 to 24 percent. This is because the model tends to move 
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yolk-sac and post yolk-sac larvae to regions of the river 
below the regions containing the power plants. This finding 
is supported by the poor correlation of distribution of these 
larval stages as predicted in the model with field data 
gathered frOll the Hudson Jt1ver. 

• Because the cOilpensation included in the model cannot be ver
ified with field data (see ear~~~r~ctions above). the pre
diction of total mortality is probably an underestimate. 

• Contrary to t~ A~~~ "~I.-e~~ •• ~l .. lIek·et &1. (1979) 
believe that the ".trects -of the oPeration of the Lovett and 
Dansksmmer plants should be included in this model. 

• _ The predictiomi of' 'fUtUre impacts are not valid because of 
the uncertainties associated with utilizing the Ricker 
fo~ulation aDd 8U.:~alue of 4.0~ a. "aiscussed earlier. 

• The one-dimensional transport model used in the stochastic 
modeling of future conditions is invalid. 

• The independence among egg production and early life stage 
survival in the~del is inconsistent' with other testimony of 
the Utilities. 

• Use of the Beverton-Holt compensation function in the model 
is inconsistent with the use of the tUcker function elsewhere 
in the Utilities' analyses. 

• Use of variation in the freshwater flow in the model, while 
keep1aa life stage durationsaud early life stage survivals 
constant, is inconsistent with other Utility analyses that 
claim these three processes are related in the Hudson River. 

• Application of compensation in the model after year-class 
strength is set is inconsistent with other testimony of the 
Utilities. 

Contribution of Hudson River Striped Bass to the Atlantic Coastal 
Population 

4.242 Recent data gathered by Texas Instruments (1976) has 
narrowed the range of previous estimates of the contribution of the 
Hudson River striped bass stock to the Atlantic coastal population. 
Analysis of these data (Table 4-38) by Texas Instruments personnel 
indicated that the Chesapeake Bay stock contributed the largest share 
of the total coastal population between Cape Hatteras, North Carolina 
and Maine. The proportion of Hudson-spawned fish increased within 
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the western Long Island Sound-New York Bight Region to a maximum of 
15 to 32 percent. The Hudson River is the predominant source for 
sub-legal size striped bass. collected in the Long-Island Sound-New 
York Bight Region (see Appendix D). 

4.243 The data presented in Table 4-38 are discussed in more 
detail in Barnthouse et ale (1977). The values given are presented 
as a range because staff of the Oak Ridge National Laboratory felt 
that not enough information is yet available to evaluate indepen
dently the data analysis carried out in by Texas Instruments (1976). 

Impacts to Endangered or Threatened SpeCies 

4.244 The shortnose sturgeon. an endangered species. and the 
Atlantic sturgeon. considered threatened. occur in the Hudson River 
and may be affected by power plant operation. Although five power 
plants are found along the Hudson River within the spawning range of 
the Atlantic sturgeon. it appears that very few eggs and juveniles 
are entrained (Central Hudson Gas and Electric 1977; Orange and Rock
land, 1977; Lawler and McFadden, 1977). Available data presented in 
Table 4-39 indicate that less than 1 percent of Atlantic sturgeon 
juveniles are presently impinged by Hudson River power plants (total 
juvenile population estimated at 100,000) (Dovel. 1979). However. it 
is likely that a higher percentage may be impinged as a result of new 
units coming on-line at Indian Point. Dovel (1979) estimates that 
more than 1 percent of the juvenile population may be impinged 
annually at Indian Point alone. Although many sturgeon impinged at 
Bowline Point and Roseton are returned to the river alive there may , 
be significant sublethal effects resulting in additional mortality 
population reduction. Sturgeon impinged at Indian Point are not 
returned to the river alive. 

4.245 It has been reported by Huff et al. (as cited in Dovel. 
1979) that 22 shortnose sturgeon were impinged by Hudson River power ~ 
plants between 1972 and 1976. However. Dovel has stated that this is 
likely to be an underestimate. Three of the 22 shortnose sturgeon 
impinged were longer then 60 cm, demonstrating that mature sturgeon . .. 
may be eliminated from the population by power plants. Few shortnose . 
sturgeon eggs, larvae. and juveniles are entrained by the Hudson 
River power plants under consideration in this document. 

4.246 Both species of sturgeon found in the Hudson River have 
been negatively affected by human activities that have involved 
alteration of spawning/brooding habitats, degradation of water qual
ity, and overfishing. This has resulted in severe reductions below 
historical population levels. Sturgeon populations are especially 
susceptible to mortality because an individual must survive for up to 
12 to 18 years before any reproduction is possible. Hudson River 
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YEAR 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

BOWLINE POINT 
CAGGIll IN 1.:5'. lY.AfED 

S,\}iPLE.Sa TOTALSb 

14 127 

6 43 

18 115 

5 26 

3 11 

4 

TABLE 4-39 

ATLANTIC STURGEON IMPINGED ON INTAKE SCREENS AT lIUDSON RIVER POWER PLANTS 

pmvER PLA...'lT 

LOVETT INDIAN POINT ROSETON DANS KAMMER POINT 
CA\;GHT IN ESTf!·IATED CAUGHT Dl CAUGHT IN ESTIHATED CAUGHT l11i ESTUlATED 

SANPLESa TOTALSb SAHPLCSa SAHPLESa TOTA1Sb SA}!PLESa TOTALSb 

35d 

8 107 48 3 11 7 84 

9 75 135 4 14 5 53 

3 21 123 9 80 1 9 

1 6 17 2 15 1 9 

0 0 197 11 59 6 35 
If 

~ - Information not available. 

aActual count of fish impinged during sampling periods 

bConsolidated Edison estimated of total impinged sturgeon, obtained from extrapolation of total sample water volumes. 

c 
Sum of actual count at Indian Point and estimated total numbers at other plants unless otherwise noted. 

dDoes not include any Atlantic sturgeon impinged before June 1, 1972 

eFrom Hoff et al.(1979) as cited in Dovel (1979) 

f As of 5 June, 1978 

Source: Dovel, 1979 

( ( 

TOTAL 

HIe 

377 

320 

348 

73 

302 
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power plants now appear to affect only a small number of sturgeon. 
However, if sturgeon populations begin to recover, as Dovel (1979) 
maintains is po •• lble, power plant impacts on sturgeon may become 
more substantial. 

IMPACTS ON HUMAN RESOURCES 

4.247 The principal function served by the Bowline Point Gen-
erating Station and other generating stations on the Hudson River, in 
relation to the human resources of the study area, is the supply of 
electrical enerlY. The station contributes to the area's economy and 
the welfare of its inhabitants by providing energy to meet the needs 
of residential consUBers, industry, caa.erce and the public sector. 

4.248 As part of the integrated network of the New York Power 
Pool, the Bowline Point station and the other power plants on the 
Hudson River estuary are operated to yield the highest degree of re
liability and economy in the supply of electrical energy. Contrac
tual agreements aaong member companies of the pool provide for coor
dination in the participants' electric sys~ems and a sharing in the 
benefits that can be realized through such coordination. Electrical 
energy in bulk i. transmitted routinely into, through, and out of the 
study area (New York Power Pool, 1976).* The benefits associated 
with electrical energy generated within the area, therefore, may be 
distributed well beyond ita boundaries and, conversely, the area's 
residents could derive benefits from electrical energy generated in 
power plants located outside of the area. 

4.249 'l1le adverse impacts resulting from the construction and 
operation of power plants, on the other hand, tend to be lIlore local
ized. Notable exceptions are such phenomena as the widespread 
transport of pollutants and the propagation of e~ological effects, 
the implications of which may be far reaching. With these excep
tions, it appears that the environmental costs of generating elec
trical energy are borne disproportionately by a segment of the pop
ulation I8nerally smaller than the segment deriving the associated 
benefits. 

*Pull economic integration in the day-to-day operations of the New 
York Power Pool was realized in 1917. Energy to uaeet the needs 
of all customers of the member companies is generated in 
the 1I08t econa.1cal manner, and account is taken of the effi
ciency of the generating units within the system. the cost of 
fuels, and the availability of individual units as well as trans
mission, reliability and other technical constraints. 
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4.250 The notion of arriving at an equitable distribution of 
benefits and costs has attracted considerable attention, particularly 
in the case of power plants on the Hudson River estuary (for example, 
Mid-Hudson Patterns for Progress, 1976). The question, of equity is 
recognized here as an important element in gauging the socioeconomic 
impacts associated With the operation of the Bowline Point Generating. 
Station and other plants on the Hudson River. The related issues, 
hwoever, are controversial and remain largely unresolved. Accord
ingly, the approach followed in the present analysis focuses on the 
socioeconomic effects that are evident and potential effects that may 
be anticipated from the continued operation of the Bowline Point and 
Roseton stations. No attempt is made to subdivide the study area or 
to consider whether the study area as a whole is a net importer or 
exporter of electrical energy. 

Visual Impacts 

4.251 The Bowline Point Station appears massive against the 
background of the Villages of Haverstraw and West Haverstraw. Plant 
structures are extremely conspicuous from many residentail and com
mercial sections in the Vicinity. The central building, stacks and 
fuel loading facility are particularly dominant features in the view 
from much of the riverfront and the east bank of the Hudson River. 

4.252 In its setting, the Bowline Point Generating Station is 
a severe visual intrusion. The intensity of the associated impact is 
attributed mostly to the scale of the plant structures and the sensi
tivity of the affected area. Concealment of the plant is virtually 
impossible due to the local terrain, and the height and starkness of 
the structures generally compound the effect of bulk. Although the 
plant is sited in an industrial zone, it is distinguishable from 
neighboring residential deVelopments and the scenic shoreline of the 
Hudson River. In addition, a negative value is generally ascribed to 
large functional buildings where they dominate the visual elements of 
their immediate environs. 

4.253 Reservations concerning the architectural merits of the 
power plant structures have been expressed by the Hudson River Valley 
Planning Commission. Despite such shortcomings, however, the Bowline 
Point station presents the functional aspect of a modern. oil-fired 
power plant. Equipment, piping and cables are, to a large extent, 
enclosed or buried. An earthen berm surrounding the fuel oil storage 
area provides partial conc~alment of the tanks and related equipment. 
The exterior color of the main buildings and other major components 
of the plant have been selected to reduce the visibility of the 
structures. The plant area has generally benefited from the site 
preparation work involving the removal of discarded automobiles and 
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other trash, improved drainage and vegetation and pest control mea
sures. Landscaping, particularly in the area of the Bowline Point 
recreational facility, is adequate. 

4.254 Certain factors tend to mitigate the visual impact of ~he 
Bowline Point station. The'se stem from the long history of develop
ment on the Hudson River and the numerous visible signs of industrial 
activity along its shores. Manufacturing plants, quarries, fuel 
storage facilities, and transportation terminals are commonplace. 
Major electrical generating facilities sited upstream of Bowline 
Point include the Lovett Generating Station, in operation since 1949; 
the Indian Point Station, where construction of the first unit began' 
in 1956; and the Danskammer Generating Station, in operation since 
1951. The Bowline Point Station is not a unique installation along 
the reach of the Hudson River between the Tappan ~e and Mid-Hudson 
Bridges, but, together with the Roseton and the'la'ter units at Indian 
Point, represent successive additions of relatively familiar features 
in the visual setting. To a limited extent, the incongruity of the 
Bowline Point Station at its present location is diminished by the 
presence of similar facilities within the area. 

4.255 The visual dominance of the Bowline Point Station will be 
aggravated by the installation of a closed-cycle cooling system at 
the station. An artist's impression, shown in Figure 4-10 illus
trates the effect of adding massive natural draft cooling+towers, 
tentatively identified by Orange and Rockland as the preferred 
closed-cycle cooling alternative. The towers would be 393 feet in 
height, 315 feet in base diameter (Orange and Rockland, 1977). 
Visible plumes from the towers, expected to occur frequently during 
operation~ could add moderately to the visual intrusion (U.S. Nuclear 
Regulatory Commission, 1976). Cooling systems with mechanically 
assisted towers might be applied at the Bowline Point station as 
practical alternatives. These structures are not as high as the 
equivalent natural draft towers and dimensions are generally more 
proportionate to the existing structures. Visible plumes generated 
by mechanical draft towers would remain closer to ground level. An 
alternative that might prove to be technically feasible (Section 6) 
is to provide cooling for the station with a single natural draft or 
mechanical draft towe~. This would require a cooling tower with a 
base area roughly double that of the duel towers discussed above. In 
the case of natural draft towers, a comminserate increase in height 
would be needed to generate an adequate flow of air; in the case of a 
mechanical draft tower, a single tower effectively represents a re
configuration of the modules or "cells" making up the duel tower sys
tem. The potential visual impacts of cooling towers, if these are 
installed at Indian Point Units 2 and 3, have been studies extensive
ly and are considered by the U.S. Nuclear Regulatory Commission to be 
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FIGURE 4-10 
ARTIST'S IMPRESSION OF THE BOWLINE POINT GENERATING STATION 

WITH AND WITHOUT COOLING TOWERS 
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the "most socially and economically consequential of the various pos
sible environmental impacts" associated with closed-cycle cooling at 
the Indian Point units (U.S. Nuclear Regulatory Commission, 1976). 
Considerable oppo8ition to cooling towers at the Indian Point units 
has been expressed by the Village of Buchanan, the City of Peekskill 
and others (U.S. ~lear Regulatory Commission, 1976). 

Noise Impacts 

. 4.256 In the initial months of operation, mechanical noise 
from large fans used at the Bowline Point Station to induce the flow 
of air and combustion gases through the boiler and stacks, wassuffi~ 
cient to elicit complaints from local residents in the immediate 
vicinity. Orange and Rockland installed the appropriate silenCing 
equipment and eliminated the source of annoyance. There have been no 
subsequent complaints concerning noise from the power plant (Rotella, 
1977). 

4.257 During construction of the cooling towers, noise levels 
will increase due to fabrication and removal of concrete forms, and 
the use of cranes, concrete trucks, and excavation equipment. How
ever, the noise will occur only during working hours and will be tem
porary. 

4.258 The level of noise generated by the station may be ex-
pected to rise as a result of the operation of a closed-cycle cool
ing system. Operational noise level in large natural draft towers is 
generally in the range of 80 to 90 dB(A) (Edmonds et al., 1974). The 
noise is associated primarily with the falling of water through the 
towers and the noise generated by the flow of large volumes of air 
(U.S. Environmental Protection Agency, 1974). Beyond a very short 
distance from the towers, the sound is "white" or broad spectrum and 
free of impulses or prominent discrete tone characteristics. During 
periods of continuous operation, the sound remains constant in level 
and blends readily in the audible background (U.S. Nuclear Regulatory 
Commission, 1976). 

4.259 Propagation of the sound is affected by many factors, 
including atmospheric absorption, topography, barriers and vegetative 
cover. Accordingly, a site-specific study is required to establish 
the precise sound levels that would be generated by cooling towers 
serving the Bowline Point station. No analysis of the noise aspect 
of closed-cycle cooling at the station has been carried out to date 
(Orange and Rockland, 1976). Drawing a parallel with the natural 
draft cooling tower proposed for Unit 2 of the Indian Point Station 
(U.S. Nuclear Regulatory CommiSSion, 1976), it is estimated, for 
present purposes, that noise increments of the order of 0.5 to 1.5 dB 
in A-weighted day-night equivalent sound levels (LDN) might be 
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experienced in the residential areas surrounding the Bowline Point 
station. Increases of this magnitude are considered unlikely to 
cause reaction fro. the communities in the vicinity of Indian Point 
(U.S. Nuclear Regulatory Caam1ssion, 1976). The situation may differ 
somewhat in Haverstraw because of the proxiaity of neighborhoods to 
the order of 40 dBA"(Orange and Rockland, 1972) characterizing a 
quiet residential area (New York State Department of Environmental 
Conservation, 1974). 

Public Safety 

4.260 The operating plant and storage of fuel oil at the 
Bowline Point station constitute a finite risk of explosion and fire. 
However, the likelihood of damage occurring beyond the station boun
darie~ as a result of an accident at the plant i8 remote. All major 
equipment installed at the Bowline Point station is of standard de
Sign, with a record of safety and reliability established by exten
sive application in generating stations throughout the country. "The 
plant is operated in accordance with procedures adopted widely by the 
utility industry. Fire protection systems in the main plant area and 
fuel storage facility are designed to provide adequate capability to 
extinguish major fires and prevent their spreading. An interconnec
tion between the two systems ensures added backup capability in the 
event of a serious emergency (Orange and Rockland, 1971). The asso
ciated hazard to public safety is considered to be at a generally ac
ceptable level. 

4.261 Fuel oil is delivered to the site by barge or tankers. 
River traffic to and from the plant is readily accommodated and p08es 
no undue hazard to ~terborne commerce or ple~sure boating. Occa
sional deliveries of equipment and materials to the power plant con
stitute a minor demand on railroad and transportation systems "serving 
the area. The power plant is staffed continuously with three work 
shifts per day. At times of shift changes, automobile traffic in the 
vicinity of the plants increases but causes no appreciable congestion 
or unusual hazard on local roads (Rotella, 1976). 

EmplOyment and Local Economy 

4.262 The Bowline Point Generating Station provides employment 
for a work force of 100 persons that includes plant operators, 
maintenance staff and administrative personnel (Chapter 3). 
Employees reside in a Wide area surrounding the station and cOmmute 
to work (established during site visit on 3 and 4 November 1976). 

4.263 The owners of the Bowline Point station make annual tax 
payments amounting to approximately $8 million to the Town of 
Haverstraw and the Village of Haverstraw. Details of these paYments 
are as follows: 
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1975 
1976 
1977 

TOWN OF HAVERSTRAW VILLAGE OF 
HAVERSTRAW STATE AND COUNTY SCHOOL TAX 

$2,730,000 
$3,028,000 
$3,003,000 

$4,700,000 $175,000 
$4,900,000 $176,000 

Not Available 

Information supplied by Orange and Rockland, Utilities, Inc •• 

4.264 The service requirements of the operating station are 
readily accommodated by the local infrastructure (Rotella, 1976; 
1977). Water is supplied to the station by the municipal system at 
the rate of 275,000 gallons per day_ Approximately 19,000 gallons 
per day are returned as sanitary and miscellaneous wastes (Chapter 1 
and 4) for treatment by the sewage treatment plant. The design 
capacity of the treatment facility is 4 million gallons per day and 
is currently adequate (Rotella, 1976; 1977). Small quantities of 
solid wastes are generated by the operation of the station. Oily 
wastes and chemical wastes from certain maintenance cleaning 
procedures (Chapter 4) are disposed of through commercial 
contractors. 

4.265 Construction of cooling towers, if these are installed 
at the Bowline Point station, is expected to lead to an increase in 
local traffic and employment. The construction period would extend 
over two years (Orange and Rockland, December 1974a) and involve an 
average of 125 workers per year. Orange and Rockland estimates that 
approximately one-third of the work force would be composed of local 
residents, the remainder being drawn from the surrounding area. It 
appears unlikely that the construction work would attract a signifi
cant number of people to establish a permanent ·residence in the 
vicinity of the power plant. Cooling towers would add an estimated 
$70 million in capital costs to the value of the station, leading to 
an increase in local property taxes. 
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Historical Resources 

4.266 On the basis of criteria* developed by the U.S. De-
partment of the Interior to determine the effect of a Federal, 
Federally-assisted or Federally-licensed undertaking on properties 
included in or eligible for inclusion in the National Register of 
Historic places (39 FR, No. 18), the Bowline Point and other gener
ating stations could have adverse impacts on certain historic prop
erties listed in Table 2-17 by virtue of the visibility of the 
stations. I.t is impossible to estimate quantitatively in the sever
ity of these impacts. The Bowline Point station is highly visible 
and dominant in its setting. Certain factors, discussed above, how-' 
ever, may tend to mitigate the visual effects of the station. 

4.267_ As discussed earlier in Chapter 4, operation of evapora-
tive closed-cycle cooling systems at the Bowline Point and Roseton 
generating stations gives rise to the depoSition of salt and a remote 
possibility of generating acidic mists. There is a small attendant 
risk of causing damage to properties, including those of historic 
interest in the immediate vicinity of the Bowline Point and Roseton 
generating stations (Chapter 2). As discussed in detail in Chapter 
6, the retrofitting of a closed cycle cooling system at each of these 
stations would entail a reduction in generating capacity and overall 
efficiency of the station. In addition to the initial capital cost 
of the closed-cycle cooling system, there are both economic and 
energy penalties associated with this loss in efficiency. Further, 
the operation of an evaporative cooling system would give rise to an 
increased consumptive use of water, estimated in an earlier part of 
the pr~sent analysis to be of the order of 1.5 to 2 times the current 
level of consumption. 

*The criteria are: 
"Generally, adverse effects occur under conditions which 
include but are not limited to: 
(a) Destruction or alteration of all or part of a property; 
(b) Isolation from or alteration of its surrounding 

environment; 
(c) Introduction of visual, audible, or atmospheric elements 

that are out of character with the property or alter its 
setting; 

(d) Transfer or sale of a Federally-owned property without 
adequate conditions or restrictions regarding preserva
tion, maintenance, or use; and 

(e) Neglect of a property resulting in its deterioration or 
destruction." 
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CHAPTER 5 
ADVERSE IMPACTS THAT CANNOT BE AVOIDED 

5.01 The principal unavoidable ~pacts associated with the 
operation of the Bowline Point and Roseton Generating Stations are 
those occasioned by the physical presence of the power plants (visi
bility and occupation of land), the release of combustion products 
and the rejection of waste heat. Both stations are in commercial 
operation and the unavoidable effects experienced during the con
struction phase of the projects have completely subsided. There are 
no indications of tangible, deleterious effects that have persisted 
from the influx of a large labor force and material, the generation 
of noise and dust, site clearing, grading, filling, excavation and 
other activities likely to lead to erosion and turbidity and silta
tion in nearby surface waters. There are no reasons to believe that 
the construction of the Bowline Point and Roseton stations has 
affected groundwaters in their vicinities, or that groundwaters would 
be affected by the continued operation of these stations. 

5.02 Both the Bowline Point and Roseton stations occupy rela
tively small tracts of land (245 acres and 133 acres, respectively) 
located at sites previously used by or in the vicinity of brickworks. 
In relation to the area of the lower Hudson. River Valley, the land 
com.itted to the Bowline Point, Roseton, and other existing 
generating stations represents a saall loss of wildlife habitat and 
agricultural and recreational resources. In view of previous uses of 
land at the Bowline Point and Roseton sites, no areas considered to 
be prime agricultural lands have been committed. The subject power 
plants, however, are highly visible from the river and riverfront. 
While there are no indications that the power plants have depressed 
property values. in their Uamadiate vicinities, the visibility of the 
stations could act as a deterrent to future developments or redevel
opments in the area. Closed-cycle cooling systems at either or both 
stations would intensify their visual impact, particularly if evap
orative natural draft cooling towers are installed. 

5.03 Combustion products released by the Bowline Point and 
Roseton Generating Stations consist .ostly of carbon dioxide and 
water vapor. There are no practical means of containing or control
ling the release of carbon dioxide. The observed steady growth in 
the concentration of carbon dioxide in the atmosphere, attributed 
principally to the rapidly increasing use of fossil fuels since the 
turn of the century, is a factor linked closely to a potential inad
vertent .odification of cli.ate on a global scale (see, for example, 
Machta and Telegadas, 1974). In this context, the contribution of 
the Bowline Point and Roseton stations to the carbon dioxide load on 
the atmosphere .ust be recognized as an unavoidable effect. No sig
nificant localized or regional modifications of the weather, however, 
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are anticipated as a result of the release of carbon dioxide from 
fossil-fueled power pl~ts on the Hudson River. Similarly, pertur
bations in temperature and the moisture content of the abDosphere, 
caused by the release of combustion products and the rejection of 
waste heat (even through evaporative cooling techniques), are not 
expected to give rise to any significant meteorological effects 
(Koenig and Bhumralkar, 1974). 

5.04 Together with carbon dioxide and water vapor, the air
borne emissions from the Bowline Point and RoBeton stations contain 
measurable quantities of oxides of sulfur and nitrogen and particu
lates derived mainly from mineral matter present in the fuel oil. 
Emissions of theae subatances meet all New York State Standards 
applicable to atationary combustion installationa (6NYCRR227). State 
ambient air quality standards currently in effect (6 RYCRR 257, 
effective 18 Karch 1977) are not being exceeded as a result of the 
operation of the Bowline Point Station. Central Hudson reports that 
since 1 AuguBt 1976 when the sulfur content of oil burned at the 
Danskammer power plant was reduced from 2.0 to 1.0 percent by weight, 
standards related to the concentration of sulfur dioxide are no 
longer being exceeded in the vicinity of the Roseton station. The 
Federal secondary standard for ambient concentrations of particulate 
matter (40 CPR 50.5) is being exceeded occasionally in the vicinity 
of the Roseton Station. There are no indications of significant 
interactions of a cumulative nature among the airborne eaissions from 
fossil fueled pover stations on the Hudson River estuary_ These 
eaissions, nonetheless, contribute to the general level of airborne 
contaminants in the lower Hudson River Valley. 

5.05 Emissions of sulfur and nitrogen compounds will contri
bute to the overall regional concentrations of sulfate and nitrate 
aerosols and the attendant hazards of acid precipitation in the 
northeastern United States (see, for example, u.s. DeparbDent of 
Agriculture, 1976). The interaction of stack gases with atmospheric 
moisture could, in principle, lead to the formation of acidic mists. 
This phenomenon could become more prevalent if evaporative cooling 
systeas are installed at the Bowline Point and Roseton generating 
stations and if the fumes from the stack and cooling systems interact 
at either station. Experience to date, however, has not shown that 
such interactions lead to appreciable problems at ground level. 

5.06 In addition to the gross contaminants, certain compounds 
and el.-ents are released in relatively saall or trace quantities 
with the cOlibustion gases. AIIong these are carbon monoxide, hydro
carbons and aldehydes and a number of trace metala and their deriva
tives. Trace elements contained in crude oil, other than sulfur and 
those nomally considered to be constituents of mineral matter 
(silicon, aluminum, iron, titanium, calcium and the alkali metals), 
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include vanadiu., nickel, zinc and copper in concentrations that 
vary, especially with the source of oil (Babcock and Wilcox, 1972). 
The distillation of crude oil causes virtually all of the metallic 
.caapounds and a large part of the sulfur compounds to concentrate in 
the residue of the process, that is, in re.idual fuel oil (Babcock 
and Wilcox, 1972) of the type burned at the Bowline Point and Roleton 
stations. 

5.07 Relatively little is known about the mobilization and 
ultimate fate of the trace constituents of fuel oil burned in power 
plants. Recent investigations have dealt with coal fired plants and 
demonstrated that the disposition of trace elements and compounds is 
determined largely by their volatility (Batush et al., 1974; Kaakinen 
et al., 1975; Klein et al., 1975). The most volatile substances 
probably are discharged in the gaseous phase. Others, including 
zinc, tend to concentrate in the fly ash discharged from the stack, 
while the least volatile substances are retained within the boilers. 
It is unclear at present whether vanadium and nickel exhibit the 
characteristics of the least volatile substances or whether there is 
a certain tendency for these substancel to escape. Rough parallels 
may be drawn in the case of fuel oil coabustion and it is expected 
that at least some of the trace constituents of the fuel are 
released. However, successful efforts at recovering vanadium commer
cially from slag, bottoa ash and boiler deposits at the Albany sta
tion and other oil-fueled stations (Electrical World, 1977; O'Beal, 
1977; Lalena, 1977) have shown that a substantial portion of the 
vanadium present in the fuel oil is retained within the combustion 
system. The behavior of copper is unknown. 

5.08 Considerable attention is focused on the trace contami
nants from the coabultion of fOlsil fuels because of the carcinogeni
city or suspected carcinogenicity of several of the elements and 
compounds involved (Kornreich, 1976). Accordingly, the release of 
these substances froa the Bowline Point, Roseton and other fossil 
fueled stations on the Hudlon liver e.tuary, is regarded as a contri
butory risk to public health, pre.ently unavoidable and of unknown 
severity. 

5.09 The withdrawal of water from the Hudson River to provide 
the means of rejecting waste heat and satisfy other service require
ments givel rise to certain unavoidable effects. Under present 
conditionl, the withdrawal of water by power plants on the Hudson 
River estuary results in the destruction of aquatic organisms by 
entrainment and impingement. Iltigatel of the extent of the damage 
are still the sub·ect of serious scientific debate. Research has 
een ocused principally on the effect that the continued operation 

of existing power plants with once through cooling would have on the 
population of striped bass in the Hudson River. 
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5.10 Present estbaates of the utilities are that the striped 
bass population would be reduced on the average fro. 8 to 11 percent 
wi th coatinued operation of exiltilll power plants wi th once-through 
coolilll systems on the Hudson River. White perch population could be 
reduced up to 14 percent. Data are not availa~le on possible losses 
of other species. Staff of the U.S. Environmental Protection Agency 
believe that estimates are unreliable and that filh population could 
be affected to a auch larger extent. The installation of evaporative 
closed-cycle coolilll system. at all the eligible power plants on the 
river would reduce but not entirely eliminate the de.truction of 
aquatic oraani.... Power plants not subject to the potential . 
requira.epts to install clo.ed-cycle cooling systems would continue 
to operate with open-cycle coolilll. Moreover. 80me withdraWal of 
water would be needed at the power plants with closed-cycle cooling . 
to compens.te for operational los .. s of water. Notwithstanding the 
unresolved issues, it is evident that same destruction of aquatic 
organisms is an unavoidable consequence of the operation of the power 
plants, even with the installation of closed-cycle cooling systems. 
On the other hand, there is sufficient evidence to suggest that this 
destruction could be reduced from present levels by means other than 
cooling towers. In the case of the Bowline Point and Roseton 
stations, the water intake structures and screenina mechanisms could 
be modified to take advantage of recent,developments in techniques 
aimed at reducing d.age to fish as a result of impingement (Chapter 
6). A second approach is that of coordinating the operation of power 
plants on the river and el.ewhere in New York State so as to avoid 
affecting critical areas at critical tiaes (Chapter 6). It is 
impossible, at present, to predict how successful, if at all, such 
measures would prove to be. 

5.11 Other potential. iapacts a •• ociated with the operation of 
the Bowline Point and Roseton Generating Stations areminiaized 
through the application of appropriate mitigating measure.. The 
release of waterborne cont_inants (except heat) reflects the appli
cation oflthe best available control technology econoaically achiev
able, in the context of Section 301 of the Federal Water Pollution 
Control Act of 1972 (PL 92-500), at both power plants. The attendant 
tapacts on the waters of the Hudson River are small. Small quanti
ties of solid waste,such as ash, spent resins and .hcellaneous 
trash, as well as waste solutiOns generated by cleaning and other 
maintenance operations, are disposed of by ca.mercial contractors. 
Noise from the operating stations is abated by the appropriate sup
pression equip.ent to levels sufficiently low to be acceptable to 
resident communities in the vicinity of the power stations.· 
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5.12 Fuel oil is delivered to both stations by barge or 
tanker, and added traffic on the Hudson River poses the risk of oil 
spillage and an additional hazard to coamercial and recreational 
navigation. Both Orange and Rockland and Central Hudson have 
deYeloped spill prevention control and countermeasure plans (Orange 
and Rockland, 1974; Central Hudson, 1974) covering these c03panies' 
facilities on the Hudson River and incorporating all applicable 
regulations of the U.S. Coast Guard and U.S. Environmental ?rotection 
Agency (40 eFR 112). These plans set forth inspection and ~perating 
procedures related to the receiving, storage and transfer oi fuel oil 
and countermeasures and reporting procedures to be followed in the 
event 9f spills. The procedures combine regulations and sound 
engineering practices to ensure that the risk of discharging oil in 
harmful quantities is minimized. 

5.13 Notwithstanding the ~tigating measures that have been 
taken, residual effects and risks persist. In many instances, these 
could be reduced further through the application of technological 
controls, procedures and other available measures. The exercise of 
additional control, however, is presently not considered to be war
ranted since the health, safety and welfare of the public are not 
unduly comprimised. 

5.14 The use of evaporative closed-cycle cooling introduces a 
possibility, albeit .. all, of ground level fogging and icing, air 
increase in the formation of acidic mists, generation of noise, and 
deposition of salt (Chapter 6). The phenomenon of drift, Which can 
be reduced to low levels but not entirely el~inated, is responsible 
for the spread of dissolved and suspended substances contained in the 
source of cooling water. Damage to vegetation from the deposition of 
salt is a possibility. Also noteworthy is the presence of 
polychlorinated biphenyl compounds predoainantly in the sediment of 
the Hudson River. Although the concentration of these substances in 
solution or suspension may be extra.ely low, their mobility and high 
toxicity to humans and other an~als are factors that warrant 
consideration as elements of risk associated with the long-term 
operation of the power plants with closed-cycle cooling. 
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CHAPTER 6 

ALTERNATIVE ACTIONS 

6.01 The District has considered several alternative actions 
related to its permit authorizing construction in the navigable 
waters of the Mudson River of water intake structures forming part of 
the Bowline Point Generating Stations. The alternatives available to 
the District are to (1) retain unaltered the present permit and 
related conditions, (2) modify the permit through the imposition of 
additional conditions, (3) suspend the permit, or (4) revoke the 
permit. 

6.02 Retention of the present permit would allow Orange and 
Rockland to operate the Bowline Point station without additional 
regulatory restrictions imposed by the District. Operation could 
continue throughout the operational life of the plant with the 
existing once-through cooling system, unless a closed-cycle cooling 
system is installed at the station in accordance with the current 
requirements of the U.S. Environmental Protection Agency. Therefore, 
the District has analyzed the impacts associated with the operation 
of the Bowline Point station under conditions of both open-cycle and 
closed-cycle cooling (Section 4). The owners of the Bowline Point 
station are contesting the I¥!ed for closed-cycle cooling and 
adjudicatory hearings on the matter are being held before the u.S. 
Environmental Protection Agency (Appendix B). 

6.03 The imposition of special conditions, in addition to those 
currently specified in the subject permit, has been considered as the 
second possible course of action. These conditions could apply to 
the operation of Bowline Point station with once-through or with a 
closed-cycle cooling. Suspension of the District's permit, a third 
possibility would require the Bowline Point station to be shut down 
until a closed-cycle cooling system is installed. The fourth 
alternative, revocation of the permit, would cause the permanent 
abandonment of the plant. 

6.04 The same alternatives are available to the District in the 
case of the permi~ issued in connection with the Roseton Generating 
Station. The U.S. Environmental Protection Agency requires that a 
closed-cycle cooling system be installed at the Roseton station and 
the owners are contesting this requirement. Accordingly, the 
District has evaluated the impacts associated with the various 
alternative actions applied to the Roseton station in the context of 
continued operation with open-cycle and closed-cycle cooling. 
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ALTERNATIVE ACTIONS RELATED TO THE BOWLINE POINT STATION 

6.05 The current National Pollutant Discharge Elimination 
System permit governing waterborne discharges from the Bowline Point 
station requires-that operational levels of closed-cycle cooling be 
attained by 1 July 1981. A final selection of the type of closed
cycle system to be installed at the station, should the requirement 
for closed cycle cooling remain in effect, has not been made to date. 
Orange and Rockland has identified evaporative, natural draft cooling 
towers as the preferred closed-cycle cooling option. A preliminary 
study (Orange and Rockland, 1974) has demonstrated the engineering 
feasibility of installing this type of cooling system at the Bowline 
Point station and established a first estimate of the monetary costs 
involved. 

Retention of Present Permit 

6.06 The principal advantages of retaining the present permit 
stem from the unencumbered operation of the facility and, if a 
closed-cycle cooling is ultimately installed, an orderly transition 
from operation with open-cycle to closed-cycle cooling. While 
operating without additional restrictions, the Bowline Point station 
would continue to generate electrical energy to meet the needs of 
customers served by Orange and Rockland. and contribute to the 
reliability and economy of operation of the New York Power Pool 
(Appendix C). A closed-cycle cooling system, if retrofitted in 
accordance with the stipulations of the current National Pollutant 
Discharge Elimination System permit, would be brought into operation 
within a period of approximately 4 1/2 years, allowing sufficient 
time to draw up the detailed specifications and design of the system, 
secure the necessary authorizations, complete construction and 
testing and, finally, tie in the cooling system to the rest of the 
plant. At the time of the Draft Environmental Statement, a pre
liminary schedule (Orange and Rockland, 1974) showed that construc
tion would proceed over subsequent three years until both towers are 
completed and equipped with the necessary internal compQnents. 
Testing and tie-in would extend over two months. 

6.07 Retention of the permit implies that the impacts asso
ciated with the operation of the Bowline Point station on open-cycle 
cooling (Chapter 4) would continue to prevail, either for an interim 
period or until the power plant is retired, depending on the outcome 
of hearings before the U.S. Environmental Protection Agency. The 
principal intent of installing closed-cycle cooling at the Bowline 
Point station is to reduce the rate of intake of cooling water to 2 
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or 3 percent of that needed for once-through cooling and, thereby, 
reduce damase caused by entrainment and impingement of striped bass 
and other aquatic organisms. 

6.08 This reduction could be effected by installing one of 
several alterD4tive closed-cycle cooling systems, each involving a 
distinctive set of environmental tradeoffs relating to land and water 
use, the release of water vapor and spray to the atmosphere, the 
generation of nOise, the visual features of the cooling system, and 
monetary costs. In the analysis of impacts documented so far 
(Chapter 4), closed-cycle cooling has been treated generically, that 
is, without consideration of a specific type of cooling system. 
Exceptions have been made where impacts cannot be assessed without 
reference to a particular type of system. In such instances, the 
impacts described are those related to evaporative natural draft 
towers. The analysis is extended here to consider all of the 
practical cooling alternatives that might be applied at the Bowline 
Point station, thereby assessing a range of possible implications 
associated with the retention of the subject permit. 

Cooling Alternatives* 

6.09 The once-through or open-cycle technique of rejecting 
waste heat from an operating steam electric power plant involves a 
constant withdrawal of cooling water from a suitable source, cir
culation of the water through the plant condensers and discharge of 
the heated stream to receiving waters. In a closed-cycle cooling 
system, heated water from the condenser is passed through a cooling 
device and is next recycled to the condenser. If cooling is effected 
to a substantial degree (25 to 75 percent) through evaporation of a 
portion of the Circulating water, the device is said to be evapora
tive. In such a system, the balance of the waste heat is rejected 
through the transfer of heat to air. Dry cooling operates entirely 
on this latter principle. Heat is rejected without any direct 
contact between air and water, that is, without the assistance of 
evaporation or the attendant loss of water. Wet-and-dry systems 
combine the features of evaporative and dry cooling. 

6.10 Evaporative cooling systems require a constant supply of 
water to compensate for evaporative losses, drift (water droplets 
entrained by the flow of air or wind), and blowdown (a continuous or 
intermittent purge from the system to avoid an undue buildup of 
dissolved matter in the cooling water inventory). Although drift 

*A more detailed treatment of the technical characteristics of 
closed cycle cooling systems is given in Appendix D. 
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represents the least important component of water consumption, con
siderable attention is devoted to its associated hazards of deposit
ing salts and other substances potentially harmful to health, 
vegetation, and property. 

6.11 The two broad categories of evaporative cooling systems 
are cooling ponds and cooling towers. The term cooling pond* 
designates a manmade impoundment constructed to provide cooling water 
for steam electric plants or other industrial facilities. The 
impoundment may take one of several forms, the simplest being a large 
reservoir that acts as source and sink for a once-through cooling 
system. Other forms include cooling canals and smaller reservoirs 
equipped with powered spray devices. Cooling towers are available as 
natural draft towers, in which the flow of air is induced through the 
density gradient (temperature and humidity) within the tower, and 
mechanical draft towers, where the flow of air is either induced or 
forced mechanically. A number of combinations or hybrid systems 
represent possibilities that may be advantageous in certain specific 
applications. These include the wet-and-dry concept mentioned 
previously and natural draft towers with mechanical assistance. 
Other cooling systems are designed to reject part of the imposed heat 
load before a discharge is made to receiving waters. While such 
systems may be useful where the thermal component of the discharge is 
an overriding factor, they are not considered further in the present 
analysis, since the intake rate of cooling water is not reduced by 
the application of any of these systems. 

6.12 The economic penalties of operating a power plant with 
closed-cycle cooling result from the increase in the temperature of 
the cooling water at the condenser inlet over temperatures that 
generally prevail with once-through cooling (Appendix D). There is a 
corresponding increase in the temperature of the condensate and, 
consequently, an increase in the back pressure at the steam turbine 
exhaust. This gives rise to a loss of electrical generating capacity 
and a decrease in the overall thermal efficiency of the plant. In 
addition, more energy is expended in circulating the water through a 
closed-cycle system than is generally the case with once-through 
cooling. Further losses in electrical output are incurred where 
power is needed to drive mechanical fans or spray devices. 

*The term "cooling lake" is used occasionally to differentiate an 
impoundment which impedes the flow of a navigable stream from a 
"cooling pond" which may draw water from or discharge water to a 
navigable stream but does not otherwise impede its flow (U.S. 
Envi-ronmental Protection Agency, 1974). 
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6.13 The principal ecological advantage of the use of closed
cycle cooling over once-through cooling would be to reduce the rate 
of entrainment and impingement of aquatic organisms (Chapter 4). It 
may be well to note, however, that the probability of survival of an 
organism entrainment into a closed-cycle cooling system with cooling 
towers is reduced practically to zero. 

6.14 The principal ecological disadvantage the use of evapora
tive closed-cycle cooling would be the potential for damage to 
vegetation from salt drift (Chapter 4). Other disadvantages include 
the visibility of cooling towers and their plumes as well as the 
economic and energy penalities associated with these systems. 

Closed Cycle Cooling at the Bowline Point Generating Station 

6.15 The design specifications underlying the preliminary study 
of closed-cycle cooling at the Bowline Point Generating Station 
(Orange and Rockland, 1974) provide the basis for the comparative 
analysis of cooling alternatives presented here. Each closed-cycle 
cooling system is sized to reject the current waste heat load and 
maintain the flow of water through the plant condenser at the current 
rate. Accordingly, the temperature rise across the condensers would 
remain unchanged. 

6.16 Pertinent design characteristics and conditions applicable 
to closed-cycle cooling at the Bowline Point station are: 

PARAMETER 

Heat rejection per unit, 
billion BTU per hour 

Circulating water flow, 
gallons per minute 

Cooling range, OF 

Approach, OF 

Design dry bulb temperature, OF 

Design wet bulb temperature, OF 

VALUE 

2.82 

375,620 

15 

14.9 

86 

74 

The design temperature of the cooling water at the condenser inlet 
would increase from the present value of 70 to 89 F., with a cor
responding increase in design turbine back pressure from the current 
2 inches of mercury absolute to 3 inches of mercury absolute. 
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6.17 The existing intake structure and service water system 
would be retained. New pumps would be installed to supply service 
water at the rate of 8,000 gallons per minute to each of the gen
erating units. Water discharged from the service water system would 
be made available as makeup for evaporative closed-cycle cooling at a 
rate essentially equal to that of the intake. It may be well to note 
that there are design features that apply to the average performance 
of the system over a given year. Variations can be anticipated 
throughout the year, with the most efficient operation, of the system 
expected in cool, dry weather and the least efficient in warm, moist 
weather. For example, translating the increase in back pressure into 
a loss of generating capacity, a reduction of the order of 3 percent 
might be the average for a year's operation but the peak reduction in 
summer might amount to 5 percent. Further, a design based on these 
figures is somewhat conservative since the actual heat rejection from 
each of the Units presently amounts to 2.14 billion BTU per hour 
(Chapter 1). 

Evaporative Natural Draft Cooling Towers 

6.18 Rejection of the waste heat load from the Bowline Point 
Generating Station through evaporative natural draft cooling towers 
would require two towers, each 393 feet high with a base diameter of 
315 feet (Orange and Rockland, 1977). 

6.19 Evaporative water losses from each of the cooling towers, 
estimated on the basis of 0.08 percent of the circulating water rates 
per degree F of cooling range (Marley, 1969), would average 4,500 
gallons per minute (6.5 million gallons per day). Drift losses with 
standard drift eliminators would amount to 0.05 percent of the cir
culating water rate or 200 gallons per minute (0.3 million gallons 
per day). The installation of specially designed drift eliminators 
could reduce drift to the range of 0.002 to 0.02 percent of the 
circulating water rate (U.S. Environmental Protection Agency, 1974) 
and give rise to a corresponding loss in the cooling effectiveness of 
the tower. With a makeup rate of 8,000 gallons per minute per tower, 
blowdown could be maintained at an average value of 3,300 gallons per 
minute or 0.9 percent of the circulating water rate. Under these 
conditions, the equilibrium concentration of dissolved solids in the 
cooling water inventory would be a factor of 2.2 higher than the 
concentration of these substances in the Hudson River. Blowdown 
taken from the cold side of each tower at the rate of 3,300 gallons 
per minute and at design conditions of 19 F above ambient river 
temperature represents a thermal discharge of 31.4 million BTU per 
hour. 

6.20 Other properties of the liquid discharge from the cooling 
towers and chlorination schedules would have to meet standards 
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characterizing the application of "best available technology eco
nomically achievable" (40 CRF 423.13) Among these, the limitations 
on free available chlorine in the cooling tower blowdown (0.5 milli
grams per liter maximum concentration and 0.2 milligrams per liter 
average daily concentration over 30 consecutive days) make it neces
sary to install a dechlorination treatment system. In its prelimi
nary investigations, Orange and Rockland has considered a sulfur 
dioxide chemical feed system to reduce free available chlorine to 
levels at or below those acceptable to the U.S. Environmental 
Protection Agency. 

6.21 The increased back pressure at the turbine exhaust re
sulting from the application of evaporative natural draft cooling 
gives rise to an estimated loss of 6 megawatts of generating capacity 
per unit at design conditions. Additionally, 3.5 megawatts per unit 
are needed to meet the increased requirement in power to circulate 
the cooling water. The total derating of the plant at design con
ditions amounts to 19 megawatts, representing approximately 1.6 
percent of the station's net capability. The total penalty in gen
erating efficiency is 145 BTU per kilowatt-hour, increasing the net 
plant heat rate from the current value of 9,135 BTU per kilowatt-hour 
to 9,250 BTU per kilowatt-hour. 

6.22 Atmospheric Effects. Theoretical considerations relating 
to the release of warm, moist air from the cooling towers indicate 
that a visible plume (or artificial cloud) would be formed under the 
appropriate meteorological conditions and that a potential exists for 
creating fog and icing at ground level and causing alterations in 
local. meteorology. Predictive analyses of plume formation by a pro
posed natural draft tower at the Indian Point site, as well as ex
tensive observations of cooling towers both in the u.S. and abroad 
(U.S. Nuclear Regulatory Commission, 1976), suggest that plumes from 
the towers at the Bowline Point station would usually be visible 
4uring unit operation. The shape, rise, length, and visibility of 
the plumes, however, would depend on prevailing meteorological con
ditions (air temperature, saturation deficit, windspeed and atmosphe
ric stability). The smallest and shortest plumes would occur when 
the atmosphere is dry (relative humidity less than 85 percent, a 
condition that is expected to occur with a frequency of 95 percent in 
the vicinity of Indian Point). The largest and longest plumes would 
be formed when windspeeds are moderate and the atmosphere is very 
moist (relative humidity greater than 95 percent, windspeeds between 
8 and 18 miles per hour, frequency of occurrence 3 percent). The 
plumes may then extend for several miles downwind and may merge with 
low clouds that are often associated with very moist conditions. 
Strong winds (greater than 19 miles per hour) inhibit the upward 
development of plumes and, in general, lead to plumes of lesser 
downwind extent than do moderate winds. 
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6.23 Because water vapor tends to condense more readily as 
temperature decreases, cooling tower plumes are most distinct and 
persistent during the coldest periods of each day and year (U.S. 
Nuclear Regulatory Commission, 1976). The visibility of a plume can 
be expected to depend on a number of variables and complex rela
tionships involving the number and density of condensation droplets 
within the plume, the size distribution of droplets, sun angle and 
cloudy or hazy conditions. Under conditions of low visibility 
associated with a very moist atmosphere, it may become difficult to 
distinguish the cooling tower plume (U.S. Nuclear Regulatory 
Commission, 1976). On the other hand, the plume during clear, dry 
periods would be pronounced, especially when viewed at low sun angles 
with the sun behind the observer. 

6.24 Observations at operating natural draft cooling towers 
show no instances of ground level fog and ice formation in areas of 
level terrain (U.S. Nuclear Regulatory Commission, 1976). There has 
been one reported case of a visible plume from a natural draft 
cooling tower reaching ground in mountainous terrain (Hosler, 1972). 
Predictive analyses of cooling tower plumes at Indian Point (U.S. 
Nuclear Regulatory Commission, 1975; 197'6) show that ground level 
fogging might occur for 1 hour per year in addition to the average 
incidence of 79 hours per year of natural fog (defined as visibility 
of less than 1/4 mile at 33 feet above ground level). The potential 
for the formation of ice or frost at ground level or on structures in 
the path of the plume are negligible. 

6.25 Only rough parallels can be drawn in the case of the 
Bowline Point Generating Station. A case-specific computer simula
tion would be needed to predict the risk of artifically producing 
these ground level phenomena, particularly in the area of the Hi Tor 
mountain to the southwest of the power plant. It may be anticipated, 
however, that the increase in the natural occurrence of fog and icing 
would be small, if at all discernible, in view of the relative infre
quency of winds from the northeastern sector at the site and the 
absence of recorded observations of ground level and icing from 
operating natural draft cooling towers. No measurable increase in 
the incidence of fog and icing on level terrian around the site or on 
the river is expected. Studies relating to natural draft towers at 
Indian Point have shown that increases in ambient relative humidity 
as a result of moisture added to the atmosphere are inconsequential 
(U.S. Nuclear Regulatory Commission, 1976). 

6.26 Under appropriate meteorological conditions, the rejected 
heat and water vapor could lead to the formation of cumulus clouds 
following the evaporation of the initial visible plume. This effect 
is most likely to occur where conditions are close to favorable for 
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the natural formation of clouds and has been observed and recorded in 
a number o~field studies (U.S. Nuclear Regulatory Commission, 1976). 
It is impossible to predict with any degree of certainty whether or 
where any detectable increase in precipitation might ensue. Cases of 
snowfall being induced by cooling towers have been reported (Kramer, 
1976; Culkowski, 1962). The possibility exists that the amount of 
precipitation could be increased in a given locality as a result of 
moisture collected from the cooling tower plumes. A numerical model 
study of a specific application of a large natural draft tower in 
West Germany has shown that an increase of the order of 0.4 inches 
per year could be expected where the natural precipitation is 40 
inches per year (Junod et al., 1974). 

6.27 Noise. The operational noise level in large towers is 
generally in the range of 80 to 90 dBA (Edmonds et a1., 1974). The 
noise from natural draft cooling towers is primarily that generated 
by falling water and the flow of large volumes of air through 
restricted spaces (U.S. Environmental Protection Agency, 1974). At 
short distances from the towers, the sound is "white" or broad 
spectrum sound, free of beats and impulses. During periods of 
continuous operation the sound remains constant in level and blends 
into background sounds (U.S. Nuclear Regulatory Commission, 1976). 
Propagation of the sound is affected by factors such as atmospheric 
absorption, topography, barriers, and vegetative cover. 

6.28 A study of the offsite sound levels associated with the 
operation of closed-cycle cooling systems at Indian Point Unit 2 has 
shown that small increases in ambient noise can be expected in the 
vicinity of the plant, regardless of which type of cooling tower is 
selected (U.S. Nuclear Regulatory Commission, 1976). At 11 specific 
locations within 7,200 feet of the proposed tower (bordering the 
site, scattered in the Village of Buchanan and immediately across the 
Hudson River from Indian Point) the predicted increases rank from 
values below to values slightly above the threshold of detectabi1ity. 
The maximum increase in A-weighted day-night equivalent sound levels 
(LON) at any of the selected locations on the east bank of the 
river amounts to 0.5 to 1.5 dB for a natural draft cooling tower (the 
lower value applies to a cross flow tower and the higher value to a 
counterflow tower) and 1.4 dB for a conventional mechanical draft 
tower. The largest overall increase in LON amounting to 3.2 dB, 
would occur on the west bank of the river with a mechanical draft 
tower. All of the predicted increases are below the value considered 
likely to cause a change in community reaction to the noise (U.S. 
Nuclear Regulatory Commission, 1976). 

6.29 Costs. Preliminary estimates (Orange and Rockland, 
December, 1974) of the costs (in 1981 dollars) of retrofitting 
natural draft cooling towers to the Bowline Point station are: 
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Equipment and Installation--Gapital Cost* 

Pricing base, December 1974 

Construction management, home office 
cost and construction fees 

Escalation to July 1981 

Orange and Rockland in-house 
expenditures 

Allowance for funds during 
construction 

$38,250,000 

4,775,000 

19,585,000 

750,000 

6,400,000 

$69,760,000 

Say $69,800,000 

Capitalized Operational Cost 

Cost of capability derating (19 
megawatts total) 

Heat rate penalty 

Incremental replacement capacity 
lost 

Operation and maintenance 

Say 

Total 

$12,635,000 

13,953,328 

8,530,000 

1,431,000 

$36,549,328 

$36,500,000 

$106,300,000 

6.30 The capital cost of equipment and installation (with a 
pricing base of December 1974) includes the cost of the cooling tower 
structures ($19,940,000 in 1974 estimate), circulating water pumps, 
pumphouse, piping, electrical instrumentation, blowdown dechlorina
tion system, miscellaneous equipment, and civil engineering work. 
Distributable costs ($1,360,000) are computed on the basis of 25 
percent of direct labor cost and include the costs of maintenance of 
tools and equipment, material handling, other unallocatable field 
labor, general and final job cleanup and consumable supplies. In 

*Capital cost estimates revised to December 1976, cost estimates 
have been further revised and updated (Orange and Rockland, 1977b). 
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addition, an allowance of 5 percent of field cost is included in the 
distributable costs as the contractor's fee. Contingency 
($4,990,000) is computed on the basis of .15 percent of the field 
cost. 

6.31 Escalation in total field cost ($38,250,000) is computed 
at the rate of 15 percent for 1974, io percent for 1975, 8 percent 
for 1976 and 7 percent compounded yearly thereafter. Escalation in 
home office costs is cQaputed at the rate of 10 percent for 1974, 10 
percent for 1975 and 8 percent for 1976 and years thereafter. 

6.32 The cost associated with a total capability derating of 19 
megawatts is computed at a rate of $665 per kilowatt installed in 
1981. The heat rate penalty is based on a total generation of 6.3 
billion kilowatt hours per year (1,200 megawatts operating at a 
capacity factor of 0.6) and an increase in net plant heat rate of 145 
BTU per kilowatt-hour. At a cost of fuel of $2.67 per million BTU 
($16 per barrel of residual oil, 6 million BTU per barrel) the yearly 
penalty in 1981 dollars amounts to approximately $2,440,000. The 
corresponding capit4lized cost at 17.5 percent carrying charge over a 
3O-year balance of life of the plant is' approximately $14 million. 
The incremental replacement capacity cost allows for a planned outage 
of each unit for 2 months during the transition to closed-cycle 
cooling, leading to a loss of 1.05 million kilowatt-hours of gen
eration. The purchase of an equivalent amount of energy at $0.0326 
per kilowatt-hour would require $34,250,000. Credit for fuel not 
consumed during this period at $2.67 per million BTU amounts to 
$25,270,000 yielding a net value of $8,530,000 for the incremental 
replacement capacity cost. 

6.33 Operation and maintenance cost is estimated at $0.21 per 
kilowatt of net capacity per year. The total cost for the plant 
amounts to $250,000 per year and represents a capitalized cost of 
.$1,431,000. 

Evaporative Mechanical Draft Cooling Towers 

6.34 The waste heat load from the Bowline Point Generating 
Station could readily be accommodated by evaporative mechanical draft 
cooling towers of proven design and performance. Available varia
tions include the conventional linear towers with forced or induced 
air flow and circular towers consisting of a single large cell or 
multiple cells (U.S. Environmental Protection Agency, 1974j U.S. 
Nuclear Regulatory Commission, 1976). In addition, a variety of 
designs of natural draft cooling towers wi~h fan assistance have been 
developed, and a few such devices are in use in Europe (U.S. Nuclear 
Regulatory Commission, 1976). For present purposes, fan-assisted 
towers are considered together with meChanical draft towers, since 
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the primary intent in resortina t~ power aaslstance is aenerally to 
reduce the bulk (and visibility) of the cooting tower structure to 
proportions more representatiVe of mechanical rather than natural 
draft towers. 

6.35 Assum1ug a loadina of 6 gallons ~r taillUte per square foot 
of base area (compared to the 4 gallons per lllinute per square foot in 
the natural draft towera considered above), heat rejection from each 
Bowline Point unit would require a mechanical draft tower with 63,000' 
square feet of baae, or nOld.nal dimensions of 75 by 850 feet. The 
overall height of the tower would range fro. 75 feet, typical of most 
tower desigus, to 200 feet for fan-asaisted natural draft towers. 

6.36 Mechanical towera desilDed .to the reference specifications 
and conditious would consuae wat~r through evapora~ion at substan
tially ~he sa. rate as their natural draft counterparts. Drift 
rates are normally hlg~r, typically by a factor of 2 or 3 (U.S. 
Nuclear Reaulatory C~asion, ,1976) in mechanical draft towers but, 
through appropriate des ian of drift eliminatofa, can be reduced down 
to levels well below: the 0.05 percent of throughput asswud in the 
present analysis. The characteristics of blowdownfro. mechanical 
draft would be essentially the same as those of blowdown from natural 
draft towers. 

6.37 AtollOsphel'lc Effect·s. AtllOspheric effects associated with 
the release of warm aotst air and drift are potentially more pro
nounced with mechnical clraft towers than with Qatural draft towers. 
Siuce the release frOil aechanical draft towers is made at a lower. 
elevatiou, where winds are generally weaker, the saturation deficit 
is less, surface nocturnal iuversions frequently prevail and the 
plumes may be trapped iu building eddies due to aerodynamic downwash, 
the poteutial for including fog aud iciug iucreases. On the other ' 
hand, visible plUBes are generally shorter and lower, and long plumes 
Qccur less frequently (U.S. Nuclear Regulatory ComDdssiou, 1976). A 
comparative analysis of cooling alteruatives for Indian Point Unit 2 
(U.S. Nuclear Reaulatory COlllD1ssion, 1976) shows that the amount of 
salt deposited annually from mechanical draft towers is higher, by a 
factor of approximately 6 in areas of maximum deposition, than is the 
case with natural draft towers. 

6.38 Several studies have reported light, friable icing from 
the operation of mechanical'draft tower., but there have been no 
reports of severe icing on roads or structures adjacent to the 
towers. In moat cases fogging and icing would be confined to dis-
tances of 1,000 to 2,000 feet from the tower (U.S. Nuclear Regulatory 
Commission, 1976). 
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6.39 Costs. Capital costs associated with mechanical draft 
cooling towers are senerally lower than those associated with natural 
draft towers. Annual operating costs, on the other hand are higher, 
particularly since the operation of mechanical towers involves a 
substantially higher consumption of power. The cost advantage of one 
system over the other can be established only through detailed analy
sis where such factors as the cost of energy can be assigned appro
priate weights. In a retrofit application, as is the case at the 
Bowline Point station, the relative difference in total costs is 
expected to be minor, and, in view of the high cost of energy asso
ciated with fuel oil, it is assumed that mechanical draft towers 
represent a greater cost penalty than do natural draft towers. 

Cooling Ponds 

6.40 The minimum surface area of a cooling pond needed to 
reject the waste heat from the Bowline Point station is estimated to 
be 750 acres. 'Ibis esti_te is based on a thermal loading of 6.9 
million BTU per hour per acre (roughly equivalent to 0.6 acres per 
megawatt of installed capacity) aDd meteorological conditions 
prevailing in New York City (Patterson et al., 1971). Evaporative 
water losses from the pond would average 6.7 million gallons per day 
(4,700 gallons per ainnte). Drift losses from cooling ponds are 
caused by surface winds and are generally considered negligible. The 
quantity and frequency of purge needed to maintain the concentration 
of dissolved substances in the pond at' acceptable levels are unlikely 
to exceed the values associated with blowdown from cooling towers 
(average of 3,300 gallons per minute). 

6.41 A cooling pond is considered to be impractical at Bowline 
Point because of the unavailability of an adequate expanse of suit- , 
able land in the vicinity of the generating station. The land 
requirements, however, could be substantially reduced through the 
application of spray devices designed to produce fountain-like jets 
of water and increase the dissipative effectiveness of a unit of 
surface area of pond. With full spray assistance, the required area 
could be reduced by a factor of 20 (McKelvey and Brooke, 1959; u.s. 
Nuclear Regulatory Commission, 1976). A spray pond to serve the 
Bowline Point station would require a minimum of 38 acres. In prin
ciple, therefore, the 53-acre Bowline Pond could serve as a spray 
pond to meet the cooling needs of the station. The conversion would 
entail the isolation of the 'BowUne Pond from the Hudson River at the 
pond inlet, with provisions .-de for the intake of makeup water and 
the discharge of blowdown. 

6.42 As a first approximation, the evaporative losses from a 
spray pond are of equal magnitude to those from a passive cooling 
pond in comparable service. Spray cooling, however, generates 
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substantial quantities of drift, .. timated to amount to 0.2 percent 
of the water circulated thrQUgh the conda ... r (Raffan:And Van Vleck, 
1974). In the case of Bowline Poi.ntat.tion.drift 10s8es would 
alllOunt to 750 gallons per a;Lnute. Drift •. together with fogging and 
noise, 1Iightgive dse to unacceptabJ., proble_ in view of the 
proxillity of ree1dential sections to the wut· and south of the pond 
and the Bqwline Point recreational facility to the east of the pond. 
A buffer zone of 1,000 to 1,500 feet i$ needed to col)fine fogging and 
drift effects to the eite (U.S. Nuclear a.,ulatory COIIII1ssio:n, ·1976), 
implying that spray .,dules would have to be carefully positioned in 
the pond. FtU'tber detailed engineering and econa.aic analyses are 
needed to determine whether the spray pond alternative warrants 
further consideration. 

Dry Cooling and Wet-and-Dry Cooling Towers 

6.43 OperaUng,.perience with. both dry cooling and wet and dry 
cooling applied to steam electric power plants .1s lildted. Dry cool
ing has a 10111 history of application to s .. llpower plants particu
larly in Europe eJld Africa. 'l'hedry cooling technique in cOlllDOn use, 
known &8 the direct technique, 1s generally not considered practical 
for applicatioDS to pOifer plants with capacities larger than 350 to 
500 _gawatts.In·ehe United States, a 3.3O-megawatt coal-fired power 
plant in Wyodak, WyOiling will be equ~ped with a direct cooling sys
tem and ·is ac:heduled for C01llpletiOD in the near future. lbe cooling 
facility will be· used in a S-year test program, funded in part by the 
U.S. Department of BUl'l1 and is a11b8d at improving dry cooling de
sign and operation (U.S. Department of the Interior, 1974). Asecond 
method of dry cooling known as the indirect technique is considered 
to be cOllceptually suitable for application to .large power plants. 
There are currently no firm plans to use a system of this type in a 
large central station. 

6.44 Both natural draft ancl mechanical 'draft towers can be used 
in dry cooling syst.... Since the flow of air required to dissipate 
a given heat load is hi.her with dry cooling than with evaporative 
cooling, dry cooling towers are necessarily more massive than their 
evaporative count.erperts~ Further, the IllinillU. t.eaperature (of the 
cooling water) attaiaable with dry cooling is higher than or equal to 
the minimum temperature attainable with evaporat~ve cooling systems 
(Appendix D). The penalties. in te1'll8 of loss of· generating capaci ty 
and reduced operatin.eftic1eney, are eottesponcHugly higher. Under 
conditions prevailing at Indian Point Uait 2, the 'cost of energy gen
erated with dry cooling is estimated tob! 20 percent higher than the 
cost of energy generated with once through cooling and 15 percent 
higher than the cost of energy generated with evaporative closed cy
cle cooling. 
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6.45 Several schemes have been proposed to combine dry and 
evaporative cooling systems and derive the benefits of dry cooling 
while reducing the associated penalties. A typical design objective 
would be to have dry cooling in operation during 95 percent of the 
year and resort to evaporative assistance (or, possibly, other means 
suCh as meChanical refrigeration) when ambient temperatures are 
highest. The idea is particularly attractive where the peak demand 
for power occurs during the hottest part of the year and coincides 
with the greatest loss of generating capacity attributable to dry 
cooling. 

6.46 The greatest potential advantage of dry or wet and dry 
cooling at the Bowl~ne Point station is associated with the reduced 
need for makeup water to offset the losses due to evaporation, drift 
and blowdown. As presently contemplated, however, an evaporative 
cooling system at the station could be supplied with water withdrawn 
to meet the power plant's service requirements. Without reducing the 
service requirementa, this advantage would be virtually negated. 

Other Cooling Alternatives 

6.47 A number of other cooling alternatives might prove to be 
technically feasible at the Bowline Point station. The first of 
these is to meet the cooling needs of both units with a single 
evaporative cooling tower to accomodate the heat rejection load, the 
base area of a single tower would need to be roughly twice that of a 
tower designed to reject the waste heat from one of the units. In 
the case of a natural draft tower a commiserate increase in height 
would be needed to generate a flow of air adequate to effect the 
desired degree of cooling. Thus, a single tower would necessarily be 
more massive than a tower used in a dual syst_. In the ease of a 
meChanical draft tower, the total number of "cells n or modules would 
be the saae, whether these make up a single or a dual cooling system. 
~ single tower, therefore represents a reconfiguration of the cells 
into a single array. From a visibility standpoint the tradeoffs 
involved in Changing from a dual to a single system are evident. 
Whether this change would reduce this visual impact of the cooling 
system and the station as a whole remains uncertain in the absence of 
further study. 

6.48 A second possibility is to site a single or dual tower at 
a location remote from the generating station. Distances of 5 miles 
or more between the generating station and cooling tower may be 
tec1mically feasible, taking into consideration a rate of flow of 
apprOXimately 315,000 gallons per minute through each of the units, a 
total rate of makeup of 16,000 gallons per minute and an estimated 
rate of blowdown of approximately 7,000 gallons per minute from the 
system. Conducts linking the station to the cooling system would be 
needed to carry the circulating water and makeup water, if the 
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service water system is retained as the IIOUrce of 1I&keup. A conduit 
for the discharge of blowdownwould be needed to link the cooling 
systea to the Hudson River, the most likely waterbody to receive the 
discharge. . 

6.49 Although it is impossible to eatiute the penalty in 
capital costs ... ociated vith a remotely sited CQoUng systell until a 
precise location is aelected, it .. y-be anticipated that this penalty 
would be substantial. An economic penalty as well as a penalty in 
teras of energy would be incurred in operating the systems, that is 
in puaping water between the station and the cooling towers. Again, 
this penalty would be dependent on the separation between the facil
ities and, in view of the large flow rate i~volved is expected to be 
substantial. 

6.50 lbe priury incentive in considering a remote site for the 
cooling syste. lies in reducing the visibili~ of the ge~erating sta
tion with cooling towers from the Hudson River. It appears unlikely, 
however, that cooling towers with their plumes could be entirely 
concealed from the view, particularly in the case of natural draft 
towers. Clearly, a remotely sited cooling system would constitute a 
visual impact in its vicinity. In essence, t~refore, a remotely 
sited cooling system represents a tradeoff between reducing the com
bined visual impact of the generating station. with- a closed cycle 
cooling system at the expense of creating two visual intrusions at 
separate locations. Over and above this, there remain the questions 
of costs, securing a suitable site, installing the necessary conduits 
over appropriate right-of-ways and public acceptability of the over
all scheme. 

6.51 Salt driftfroa the cooling towers has been identified and 
analyzed as a potential source of damage to vegetation in the 
vicinity of the Bowline Point station (Chapter 4). An alternative 
considered here to reduce the deposition of salt inwlves reducing 
the concentration of dissolved matter in the cooling water inventory. 
This could be accomplished by treating the mak .. p water, which may 
consist of river water and recirculated blowdown, or by obtaining 
and, if necessary, treating water from groundwater, municipal or 
other sources. As mentioned previously, a total of 16,000 gallons 
per minute is presently drawn as service water from the Hudson River 
to meet the needs of the station and the major portion of the flow 
could be made available as ~keup for a closed-cycle cooling system. 
This withdrawal is equivalent -to approximately 23 .illion gallons per 
day, or, on the basis of .. planning factor of 100 gallons for person 
per day, enough water to' supply a residential community of 230,000 
persons. In ter.. of a ground water supply, Yields from individual 
wells vary greatly with the properties of the aquifers supplying the 
water. To put matters in perspective, it uy be noted that a well 
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yielding 0.5 to 1 Il1llion gallons per day is fenerally considered to 
be a high capacity well. Precise estimates 0 the costs of 
desalinating river water to reduce its salinity are not available. 
Major desalination and treatment projects based on the reverse 
osmosis process are presently under construction in various parts of 
the world. As a general rule, the costs associated with desalination 
fall in the range of $0.80 to $1.30 per 1,000 gallons treated. To 
meet the needs of a closed-cyc1e cooling syste. at the Bowline Point 
station, therefore, would entail an expenditure of the order of 
$20,000 per day. 

6.52 Another possibility which could be considered as an 
alternative to a closed cycle system, consists of modification to the 
intake structures, including barriers at the entrance to Bowline 
Point to reduce entrainment and impingement. These are considered in 
detail elsewhere in Chapter 6. 

6.53 Finally, waste heat from the Bowline Point station could 
in principle be rejected to the Hudson River through an underwater 
heat exchanger. The cooling system would be entirely closed and once 
filled, would require only tinimal makeup. While heat exchangers of 
appropriate design are readily available, an application of the type 
and scale envisaged here cannot be considered as demonstrated 
technology. Accordingly, the costs and reliability of such a system 
cannot be predicted with any degree of confidence. 

Modification of the Present Permit 

6.54 The specific conditions, considered as possible stipula
tions that tight be added to the pera1t issued by the District in 
connection with the Bowline Point Generating station, all relate to 
the station's interactions with the aquatic ecosystem of the Hudson 
River estuary. 'l1lese conditions are intended to mitigate damage to 
populations to striped bass and other fishes. Several approaches 
could be followed, in principle, to attain this goal. Restrictions 
could be imposed on the operation of the power plant so as to reduce 
the throughput of cooling water, thereby reducing entrainment and 
impingement of aquatic organisms. An alternative approach would be 
to reduce the impingement of fish by installing fish diversion 
devices and/or by modifying the intake structure, screening 
mechanisms and fish return facilities. Entrainment could not be 
reduced significantly through these latter means. Elements of both 
approaches might be combined into a IW1Iber of more comprehensive 
strategies. Prom an operational standpoint, such strategies might 
involve the integration of the generation and maintenance schedules 
of the power plants on the Hudson River estuary and other power 
plants within the New York Power Pool supply system, on the basis of 
ecological as well as technical and economic factors. 
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RestrictingOperat~on of the Plant 

6.55 Heasures aimed at r~ucing ,the • .,unt O,f, COQ'UQ8water 
that is withdrawn from tbe Bowline Pond .a~ c~rculated throulb the 
power plant aight include ,res trict iona 'to '~be 'operatilll sche'dule of 
the plant I recluced 'flow throup ·the ' condenser" and, operation of the 
plant at partial generatilll capac! ty. llo1!e"er,tec:hn:1cal. c~nsidera
tione relatinato a larae base-load plant li~ tlu~ Bowline Point 
Generating Station teDd to lia1t the e~tent to wb~ thep1an~ can be 
operated intermittently or at 'reduced output. Also liGdted ~s the 
extent to which operatina procedures can deviate from standard 
practices without unduly jeopardizing the plant and the reliability 
of the supply system. 

6.56 Shutdown and startup of large steam electr,ic units involve 
procedures for1lUlated to avoid excessive thamal stresses, over
heating and other conditione 11kely to damage the equipment. Follow
ing a shutdown; ti_ is needed to brina the boik"r and t~rbine 
generator up to oper.a.ting conditions in s.taps that are generally 1IlOre 
sequential than concurrent. Progressively 10llger procedures are 
followed as generating,units are started up from ,bot, interaediate or 
cold conditions and tbese, as a general. rule , prevail after shutdowns 
of 1 day or less, 2 to 3 days, or 3 days or more, respectively. The 
startup periods .. y range between less than 1 hour for a start from 
hot conditions and 6 to 12 hours or more for a cold start. Recent 
development work and evaluations of operating experience have under
scored the importance of controlling downward temperature ramps; and 
prewarming during cold starts, in terms of preventing damage to steam 
turbines and extending their operational lives (Spencer and Timo, 
1974). These findiJl,88 have prompted the manufacturers of turbines to 
recommend that warmup periods generally be ext~ed rather than 
shortened. 

6.57 Startup of the condenser cooling or circulating water 
system is also a lengthy procedure. A rapid 'initiation of the 
massive circulation subjects the equipment to a risk of da1l&ge as a 
result of water ~r, and steps must be taken to ensure that the 
system is free of a1~ pockets before full flow i~ established. 
Procedures normally followed at the Bowline Point station require 8 
to 12 hours to bring the circulating water systems up to operating 
conditions.* As a co~quence, water is circulated in the systems at 
all times except during maintenance outages or other prolonged 
periods when the generating units are taken out of service. The flow 
may be reduced (1 pump per unit) when a unit is not producing power 

*Eatablished in discussion with Orange and Rockland operating 
performed during site visit on 3 and 4 November, 1976. 
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but is generally kept at operational levels (2 pumps per unit). 
is _intained with 2 puaps per unit operating whenever power is 
generated to avoid the riSk of losing a unit as a result of one 
failing. 

Flow 
being 
pump 

6.58 Large generating units can operate at capacities greater 
than 1/4 to 1/3 of full-rated capacity (150 to 200 megawatts for each 
of the Bowline Point units). The quantity of waste heat rejected to 
the condenser cooling water varies proportionally with the power and, 
accordingly, the temperature rise across the condenser decreases as 
power is reduced, providing the circulation rate remains constant. 

6.59 Each of the Bowline Point units has the capacity of 
operating with reduced flow in the condenser cooling system. Under 
throttled conditions, the flow is reduced froaa 316,000 to 257,000 
gallons per minute through each condenser with 2 pumps per unit in 
operation. The temperature rise across the condenser at full load 
increaaea frOil 13.5 P to 16.6 F aa the flow is reduced. 
Alternatively, a temperature rise of 13.5 P would prevail with 
reduced flow at 80 percent of full load, decreaaing to a rise of 
approximately 4 F at 25 percent of full load. 

6.60 Both unita of Bowline Point station have been operated 
extensively with cooling water circulating at the reduced rate. In 
1975 a circulation rate of 257,000 gallons per minute was maintained 
in both units practically continuously from the first days in January. 
through the latter part of July (except during the maintenance outage 
of unit 1 from 8 May to 31 May, 1975).* Operating experience showed 
that the reduced velocity of water throulh the condenser tubes (from 
a design value of 7 feet per second to an utiuted 5.5 feet per 
second) allowed sl1_ to build up at higher than normal rates. 
Orange and lockland haa modified its procedures and now operates the. 
units at reduced flow only when necessary to reduce impingement of 
fish or for other reasons related to the aquatic ecosystem.*. 

6.61 The characteristics of the Orange and lockland system load 
(Appendix C) are pertinent factors in considering restrictions that 
might be imposed on the operation of the plant. Electrical load in 
southeastern New York, as in .oat areas of the country, generally 
increases during daylight hours. reaching pronounced peaks on weekday 
afternoons and evenings, and le •• pronounced peaks on weekends and 
hol1days. 'lbe annual peak load of approximately 650 megawatts 
normally occurs on a weekda1 afternoon in July or AU8Ust, 

'Established from plant operating records made available by Orange 
and lockland. 

**Establi8hed in di8cu8sions with Orange and Rockland personnel 
during site visit of 3 and 4 November 1976. 
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with de .. nd reainilll nearpaalt eOnclitionsroughly 'between Ddd-June 
and II1d-Septe1lbar. .Load is, -relatively hiah beftween m1d:""December and 
II1d-rebruary and a secODdarypeak of, the order of 500 _sawatts is 
experienced in late fall or early winter. Monthly output of the 
system is lowest in April and May of each year. Further, Orange and 
Rockland's 1/3 shan of 'the' Bowline ,Point station represents a 
generatina capability of 401_galiatts, eqUivalent to 44 percent of 
the company's baae load capability and 39 percent of total generating 
capability (ApPendix C). Con Kdison's share of the plant, alDOunting 
to,803 megawatts, constitutes 10 percent of the syst'" base load 
capability and 8 percent of total capability. 

6.62 The least restrictive operating schedule for the Bowline 
Point station can bltCharacterhed as OOlast""Olt-fii'st-off," _aning 
that alternative resources available to Oraage and ltockland, and Con 
Edison would be utilized befOre power is aenerated at the Bowline 
Point station. A schedule of this type was folloWed in 1974 during 
the last 10 days in May and the mnths of June and July, in 
accordance wi til the terms of the consent decree (Appendix B). 
Operation of both units at the BOwline Point station was restricted 
in that period to approximately SO pereent capacity until all 
available base 19ad capability was committed to full load operation. 
The output of the BOwline Point station was then increased to meet 
any exeess base load (continuoUs load) and cycled to follOW 
fluctuations in demand 6f intermediate duration (12 or 1IOre hours on 
weekday.). Gas turbines were used in a normal manner to _et peak 
demand (le8s than 1 lUNr to about 12 hours). Operational data for 
the period show that 'both 'units were operated below full capaci ty 
during June aDd July. However, the a1lOunt of water circulated 
through the condensers was not substantially reduced, except during 
the last 10 days in May. Both units were off line at the ti_, on 
scheduled outage or for repairs, and no .. ter was circulated through 
the plant condensers. 

6.63 More restrictive conditions on the operation of the plant 
Cab. be envisaged. A8'conatraints are adeled; however, an increasingly 
larger portion of thebese load would be shifted from the Bowline 
Point station to plants that would othe~sebe retained for cycling 
duty_ There would be an attendant penalty in fuel use and economy of 
generation, since such plants are generally the older, less efficient 
units within the system--the Lovett station fn the use of the Orange 
and Rockland system. k further tradeoffll1ght be inwl ved, inasDlUch 
as the substitute plants exert 'particular fapacts on the environment 
and these might be intensified as a result of increased utilization. 
While current procedures and practices, are followed. water would 
continue to be circulated through the Bowline Point station at times 
when its operation is restricted unless protracted shutdowns become 
part of the restrictions. lbe present overcapacity in the Orange and 
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Rockland, C~n Edison·and.New York Power Pool sy.t~s would make it 
possible to meet de_nd during 1I08t of the year for the next several 
years without the contribution of the Bowline Point station except 
when demand is at qr near peak levels. Orange and Rockland would 
then be unable to meet i·ts commit_nta from resources present.Lj 
available to the system (Appendix C). 

6.64 It is i_possible to estimate with any degree of certainty 
the net advantages that the aquatic' ecosystem of the Hudson River 
Estuary would ~rive from restrictions on the operation of the 
Bowline Point station. If circulation is maintained through the 
condenser cooUng sys,tem while the plant is restricted to low power 
on zero power I oPeratioDS, there would be .no net gain with respect to 
impingement. As res-rds entrainment, a reduction or elimination of 
the thermal shock undergone by aquatic organisms that pass through 
the condensers is advantageous. Thermal shock, however,. is not the 
sole mechanism through which biota are injured or destroyed. Other 
potential causes of dauge have been identified (see papers by J. R. 
Schubel, R. E. Manowicz and B. C. March, Jr., in Saila, 1975). 
These include pressure changes, acceleration, shear, abrasion, 
biocides when us~d, and possible synergisms among them. Field data 
collected at Bowline Point station indicate that mortality OL fish 
larvae entrained through t~e plant tends to increase as the 
temperature rise across th~ condenser increases and that temperature 
is the main determinant of mortality among entrained organisms 
(Orange and Rockland, 1977a). 

Improvements to Plant Intake 

6.65 Ongoing research. r~1ated to the protection of aquatic 
organisms at power plants (reviewed in, for eUJDPle, Pagano and 
Smith, 1977; Cannon e", al., 1979) suggests that several alternatives. 
to the conven.tlonal vertical screen intake of the type installed at 
the Bowline Point station might be ·effective in reducing impingement. 
For convenience, these alternatives may be considered under the 
~tegories of diversion. recovery and exclusion systems, although a 
classification according to this scheme would not be rigorous and 
certain unconventional intakes may combine the features of systems 
classified in more than one category. Diversion systems include 
those based on behavioral barriers ,such as electric fields, air 
bubble curtains, sound, light, water jets and hanging chains (U.S. 
Environmental Protection Agency, 1976) as well as louvers and angled 
screens (U.S. Environmental'Protection Agency, 1976 and, for example, 
Schuler and Larson, 1975;: Taft et al., 1976; Taft and Mussalli, 1977; 
Mussall1 et al., 1977). Recovery systems provide means of collecting 
impinged organisms and returning them to water. Several fish 
handling transport systems have been developed and tested (for 
example, Mus sal Ii and Taft, 1977) and these may be used to recover 
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oraani_ t.,t....s OIl conventional travelina BcreeD (fo~ uallPle, 
Et •• le aD4 Malanic, 1977) or ecHena of alternatift deallbS, auch as 
t" fi.h bucket .c~ (for e_lIPle, Whlte aDd ire .... r, '1976) or the 
cent.r flow. (.i .. D .... try. dou),te-exit)acreen (for emple, 
Pa .... aat Corpol"atioa, ulMlated). ExcluaiOn' ~.t .. "incorporate 
phy.lcal berrten to prevent orpnb_' fr01l" 'nteting the intake 
structure. ~ng thea are the infiltration devicea, auch aa radial 
well., fi_ N. fil •• " aDd potoua atte. (U.S. EnYiro~ntal 
Protectioa AIe-,.· .'76) aDd wet .. w£1'e acree. (for euJilple. Johnson 
Diviaion, lOP, 1977; aaaaon et a1., 1977;181 and Miller, 1977). 
Infiltratioa illtak .. :e1iliiaate or rec:bice entral_nt as well as 
iapiaa_at. Ot_r iatalc •• that ha .. the poteadal of reducing 
entrai_at hcorporate either wayen screeniae of fine mesh' 
(Tollljano.ich et al., 1977) or wedge wire screens with narrow alot . 
widths (BanaOD .t al., 1977). 

6.66 Stz .che... have be .. identified as po.aible alternatives 
or _dUicatloa to thia ext.tina intak .. at the B9VUae Point 
Ge_rati. Station (-or .... aDd .llocklaDd, 1916). The selection of 
the .. apecJ.fi-c: .dI •••• i •• aed on conaiclerationa of engineedng 
practlc.lit~ an4 the re.u1ta of fluae tests with certain native 
flah .. of theRucleoa lti"r (Coa~l1cJat.d Ediaon, 1976) as well as 
Upert.DC. &lid an increa.t .. ly vide body of infol'lliation reported in 
the literature.. rour of the.. Icbe .. a inVolvetravel1ng screens of 
cODVentioaal but ana1ed or inclined to the directlon of flow. In the 
fint ache_. an approach channel would be eonatructed to provide the 
nece.aary anate between flow aDd the existina .intake structure. 'lbe 
nezt two ache ... involve traveliDi acreens in a Chevron configuration 
located r .. pectl~ly to the side and in front of ~he ensting 
structure. '!'be fourtheohe_ comprises screena loe-ted in front of 
the est.etas atructure, poaitionedperpeDdicularly to the direction 
of flow but rot.iaa about Ail plane incHned froil the ~rtical. As 
part of the fifth ache., the extstina traveliq acreens would be .• 
replaced by fJ.h bucket' 'cr"ns~ A f1eh bypas. or collection and 
return clevice wvuldbe.prOYl48d in each of theae five scheaes. In 
t'he aixth aDd final 80"-, a behaviotal tiat.riet wo~d be placed at 
the inlet of :towline Pond. 1'I1rea possible mechani ... have been 
identified a. poe.i~le..ana of diverting aquatic orlanisms away from 
the poDd--all air lIubble curtain, hangina chains or a. water jet cur
tain. ADy ODe of the augpaced achemes could be i.ple_nted without 
disruptias tbe~aormal operation of the plant. Detailed eatiastes of 
the coata .. sodated with these ache ... are not available. Orange 
and RocklaDcl co .. iders to be in the ra~ of $5 to $10 million. 

6.67 In addition to evaluating the alterdat1ve intakes dis
cussed abo.e, Oranae and lockland haa bien te.tinl a barrier net 
positioned in a , upatre .. of the eztstiaS intake structure (Edwards 
and Hutdbison, 1979). The results of tests conducted at various 
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Umes between Novembe'r 1976 and May 1978 suggest to the inves,tigators 
that impingement may be reduced by as much as 90 percent (see Chapter 
4). Clogging of the screens and the gi11ing of fish on the nets are 
reported not to be sianifieant problems. Further evaluation is 
needed to determine whether a barrier net could be considereu .. s a 
permanent alternative to the modified intakes and whether reductions 
in impingement cOlllp&rable or exceeding those reported for the barrier 
net could be achieved with the alternative intakes identified by 
Orange and Rockland. In addition, the selection and implementation 
of one particular scheme as the most suited to,the situation at 
Bowline Point would be contingent on more extensive and detailed 
evaluations. It may be well to note that entrainment would not be 
significantly reduced through the application of anyone of ~hese 
techniques. Tests of a continuously traveling screen with fine mesh 
(2.5 1Ili1limetera) woven netting conducted at the Indian Point station 
suggest to the investisators that such a system would not be effec
tive in reducing losses of striped .bass in the early stages of life 
(Central Hudson et a1., 1979). This conclusion is based on the low 
retention rate of eggs and larvae up to the early post yolk-sac stage 
and the low rate of survival among the organisms retained on the 
screen. Among the orlanisms large enough to be retained in substan
tial proportioDB, the rate of survival is reported to be comparable 
or less than the rate expected to prevail if the organisms were 
entrained through the condenser. 

6.68 In view of the need for further evaluation of possible 
modifications to the intake existing at the Bowline Point station as 
well as the cost and extent of work associated with the modifications 
identified by Orange and Rockland, operational restrictions based on 
improvement, of the intake are considered by the District to be more 
appropriately regarded as alternatives to closed-cycle cooling than 
as conditions that c~~ld be imposed during an interim period of 
operation with one-through cooling. With respect to the aquatic 
ecosystem of the Hudson River estuary, any reduction in the rate of 
impingement of aquatic organisms clearly would tend to mitigate the 
impacts attributed to the operation of the power plants on the river. 
How effective such mitigation would be in terms of populations of 
fish is presently unknown because of the several uncertainties 
discussed above and the absence of plans to take specific measures at 
specific power plants. 

Comprehensive Management Program Within the New York Power Pool 

6.69 A broad view of the ecosystem of the Hudson River estuary 
suggests that a comprehensive approach at managing the operation of 
all the power plants on the river could prove more beneficial than 
restricting the operation of individual plants in isolation of each 
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other. Such an approach .ight incorporate cona!derations of the 
nUErous lpecie. of fish that inhabit the river, their ~pawn1ng and 
mgrating habits, nursery areas, and other teaporal and spatial 
Characteristics of their life cycles. . 

6.70 It i8 conceivable that the integrated supply system of the 
New York Power Pool could afford the flexibility needed to develop a 
~nage .. nt strategy of power plant operation based on ecological as 
well as technical aDd economic factors. Scheduled maintenance and 
generation plana of t~ statiODS throuahout the power pool area could 
possibly be coordinated to avoid affectina critical areas during 
critical periods or. at least. mitigating ecoloaical damage to the 
extent possible with preseat constrainte. For example. the strateay 
could take advantap of the temporal and spatial differences in 
entrain.ent aDd iDIPiaaeaent &IlOna the .power plants on the Hudson 
River <see discussiou of entraimaent and impinge_nt in· Section 4). 
The Bowline Point stativn tt1ght be operated during the primary 
spawning season <*y and June) because of its smaller entrainaent 
rate relative to other power plants. Other stations could be shut 
down for maintenance or reatricted in their operation during this 
time, which also correspoDds roughly to the spring period of low 
demand for electricity. In Winter months when impingement is 
greatest at downriver plants, their operation .tght be restricted. 
Upriver plants, which cause less damage by impingement durina the 
colder months, or plants located elsewhere in. the power pool area 
could then be utilized more extensively to supply the needed energy. 
Clearly. these are augaestiona derived from limited ecological infor
mation. Further analysis of available·observations and acquisition 
of additional data would he needed to determine whether a management 
program of tbs type enviea," here would be beneficial from an eco
logical standpoint and, if 80, to devise a comprehensive and balanced 
strategy. It may be well to note that the addition of ecological 
conatraints to the technical and economic constraints presently 
acting on the supply system is likely to involve tradeoffs and entail 
costs in terms of econa.y aDd reliability of supply. 

SUSpension of the Permit 

6.71 The District has conaidered a suspension of the subject 
permit, causing the Bowline Point Generating Station to shut down and 
not resume operation until a closed-cycle system is installed. 

6.72 With an accelerated program of construction and commis
sioning, closed-cycle cooling systems at the Bowline Point station 
could be brought into operation within an estimated minimum period of 
2 to 3 years. During this period. the generating capacity of the 
Bowline Point station would be unavailable to Orange and Rockland, 
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Con Edison and the New York Power Pool. Orange and Rockland would be 
unable to meet its projected peak load from alternative new resources 
available to the company (Appendix C). On the other hand, overcapa
city in both the Con Edison and New York Power Pool systems is cur
rently such that available capability in both systems, even ~~~hc~t 
the contribution of the Bowline Point station, exceeds peak demands 
anticipated over the next several years with acceptable margins of 
reserve (Appendix C). 

6.73 Suspending the operation of the Bowline Point station 
represents a loss of operating revenues to the plant owners estimated 
to be in excess of $300 million per year.* Assuming the alternative 
generating and transmission capabilities are such that the loss of 
energy could be sustained without interruption of customer service, 
increases in fuel use and the cost of generating el~etrical energy 
are likely to resuit from a shutdown of the Bowline Point station. 
The precise magnitude of these penalties would depend principally on 
the thermal efficiency of the plants that generate the replacement 
power and, to a lesser extent, on likely additional losses in trans
mission. Increased fuel consumption would amount to an estimated 
1.75 million barrels of fuel oil per year, with a corresponding value 
of $26 to $28 million.* 

Revocation of the Permit 

6.74 The District has considered revoking the subject permit, 
forcing the abandonment of the Bowline Point Generating Station. 

6.75 The implication of this action would be far-reaching. As 
indicated previously, Orange and Rockland would be unable to meet 
peak loads from resourceA presently available to the company over the 
next several years wi~hout the contribution of the Bowline Point 
station (see Appendix C). Decommissioning the power plant would 

*Estimate based on net plant rate of 8,135 BTU per kilowatt-hour at 
the Bowline Point station and a heat rate of 11,000 BTU per 
kilowatt-hour, typical of electrical energy generation from fuel oil 
in the Middle Atlantic States (National Coal Association, 1975). 
Each kilowatt-hour generated at the Bowline Point station then 
represents a saving of 1,865 BTU. The 5,600 gigawatt-hours that 
would have to be senerated.by other stations represent an additional 
consumption of 10,500 BTU. At $15 to $16 per barrel of No. 6 fuel 
oil with a maximum sulfur content of 0.3 percent, the correspobding 
added consumption and costs are 1.75 million barrels and $26 to $28 
million, respectively. 
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involve a substantial lOss in tax revenue to the Town of Haverstraw 
until the Bowline Palnt site is redeveloped for industrial or other 
use. '!be Bowline Point station represents an investment (current 
cost of plant) of $250 million, exclusive of land and land rights, 
with a replacement value of approximately $1 billion in 1985 
dollars.* 

6.76 A relatively minor portion of the investment could be 
recovered as salvage if· the plant were to be abandoned. Further 
benefits would be derived through the addition of replacement capac
ity that, in all likelihood, would not be oU-fired, and if coal
fired, might be slightly more efficient than the present equipment. 
The ultimate dacomadssioning of the plant would also remove a 
dominant visual feature from the vicinity of Bowline Point. As 
regards the population of striped bass in the Hudson River, very 
little would be .. ined by abandoning the Bowline Point station as 
opposed to installing cloaed-cycle cooling at the plant. 

ALTERNATIVES RELATED TO THE ROSETON GENERATING STATION 

6.77 The options available to the District in the case of the 
Roseton Generating Station are essentially' the same as those dis
cussed previously in connection with the Bowline Point Generating 
Station, namely, to retain, modify, suspend or revoke the District's 
permit issued to Central Hudson. The Bowline Point and Roseton 
Generating StatioDS are technically similar and their interactions 
with the envirouaent are comparable in nature, if not precisely in 
degree. Accordingly, the implications associated with each of the 
alternative actiona follow close parallels in both instances. 

Retention of the Present Permit 

6.78 The terms of the National Pollutant Discharge Elimination 
System permit authorizing the discharge of waterborne contaminants 
from the Roseton Generating Station require that operational levels 
of closed-cycle cooling be attained by 1 July 1981. Retention of the 
District's permit to Central Hudson, ther~ore, would allow a period 
of unrestricted operation of the plant wit.h open-cycle cooling until 
1 July 1981 or throughout the operational ~ife of the plant, if the 

/' 

*A breakdown of the current cost of plant is: land and land rights 
$1,100,760, structures and improvements $42,77Z,050, equipment costs 
$207,225,810, representing a total cost of $251,098,630 or $202 per 
kilowatt installed (U.S. Federal Power Commission, Form 1, Annual 
Report of Orange and Rockland Utilities, Inc. for year ended 31 
December 1976. Replacement costs are computed on the basis of $820 
in 1985 dollars per kilowat of installed coal-fired capacity. 
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requirement for closed-cycle cooling at the Roseton station is 
ultimately waived by the U.S. Environmental Protection Agency. 

6.79 The impacts resulting from the operation of the Roseton 
station with open-cycle cooling are those documented in Chap~~: 4 of 
this statement. The major advantage of installing closed-cycle 
cooling at the facility stems from reducing the potential of damaging 
the aquatic ecosystem of the Hudson River by reducing the rate at 
which cooling water is withdrawn and discharged. To accomplish this 
goal, the installation of any bne type of closed-cycle cooling system 
found to be practical for the Bowline Point station is considered 
technically feasible at the Roseton station. The related monetary 
costs and other impacts, such as land and water use, the release of 
water vapor and spray to the atmosphere, noise and the visual 
features of the coo1iua @ystem, w~uld·be similar to those associated 
with closed-cycle cooling at the Bowline Point station. . 

6.80 Without additional encumbrances imposed by the District, 
the Roseton station would continue to generate electrical energy as 
efficiently, reliably and economically as possible and to satisfy, in 
part, the needs of residential, industrial, commercial and public 
consumers served by Central Hudson, Con Edison, Niagara Mohawak and 
the New York Power Pool (Appendix C). The transition to closed-cycle 
cooling, if carried out within the time frame currently specified in 
the National Pollutant Discharge Elimination System permit, would be 
orderly. 

Modification of the Present Permit 

6.81 Concern over the continued operation of the Roseton 
facility, in common with the other power plants on the Hudson River 
Estuary, centers principally on the impairment of the aquatic 
ecosystem as a result of entrainment and impingement of organisms. 
Estimates based on the field data available suggest that the number 
~f organisms entrained by the Roseton station may be substantial in 
comparison to other plants but mortality due to impingement is 
relatively minor. The analysis dealing with striped bass shows that 
the impact attributable to the operation of the Roseton facility with 
once-through cooling is small in terms of the net effect on the adult 
population and in comparison to the overall effect of all power 
plants on the Hudson River. The installation of closed-cycle cooling 
at the Roseton station alone, with all other stations remaining on 
open-cycle cooling, would reduce the riverwide losses of yearlings 
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and the adult standing stock by only a s1l&11 amount below the losses 
predicted for all plants with once-through cooling. 

6.82 On the basis of these findings, measures to reduce the 
intake of coolina water by restricting the operation of the Ros~t~n 
station and to reduce impingement through modification of the intake 
structure or behavioral screening systems would be of lesser value at 
the Roseton station than at the Bowline Point station. In the 
context of a comprehensive (including environmental considerations) 
program to _nage the operation of power plants on the Hudson River 
aDd in the New York Power Pool, steps could be taken to utilize the 
Roseton facility sparingly at times when entrainment of fish eggs and 
larvae might present a problem, aDd more intensively at times when 
the operation of other plants within the sy.tea would be most 
detrimental from an .col ical standpoin It is emphasized that 

ements me here in conne alternatives related to the 
Roseton station are based on limited field data collected in 1974, 
when both units were first brought into service, and early in 1975. 
Tbese statements would remain valid largely if field monitoring 
continues to reveal a relatively low level of impact on the aquatic 
ecosystem resulting from the operation of the Roseton station. 

Suspension of the Permit 

6.83 A suspension of the District's permit related to the 
Roseton Generating Station would cause the station to be shutdown for 
an estimated 2 to 3 years while closed cycle cooling is installed. 
Without the contribution of the Roseton station, both Central Hudson 
and Niagra Mohawk would experience difficulty in maintaining an 
adequate margin of reserve with the remaining resources currently 
available to these systems (Appendix C). Reserve margins in the Con 
Edison and New York Powec Pool would not be reduced below acceptable 
levels in the near-term future if the Roseton station were to be shut 
down temporarily (Appendix C). 

6.84 Suspending the operation of the Roseton station represents 
a loss of operating revenues to the plant owners estimated to be of 
the order of $300 million per year. The generation of replacement 
energy by alternative power plants is likely to involve an increased 
usage of older, les8 efficient equipment with a corresponding penalty 
in fuel consumption. The increased fuel consumption is estimated to 
be of the order of 2.5 million barrels of fuel oil per year, with a 
1976 spot market value in excess of $37.5 to $40 million per year. 
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6.85 Suspeudini the Itoseton permit during the 2 to 3 years 
necessary to build cooling towers would result in only a negligible 
incremental benefit to the striped bass population. 

Revocation of the Perait 

6.86 Revocation of the Itoseton permit would lead to the aban
donment of the station currently valued at $250 .illion, exclusive of 
laud aud land rights (U.S. Federal Power Co1lUllission, Form 1, Annual 
Report of Central Hudson Gas and Electric Corporation for year ended 
31 December 1976). 'l1le replace_nt value of the generating capacity 
is estimated to be in excess of $1 billion in 1985 dollars. In terms 
of the population of striped bass in the Hudson River, the analysis 
discussed previously shows that relatively little would be gained by 
abandoning the station as opposed to installing cloaed-cycle cooling 
at the station. 

6-29 



--- ---- ------------------

CHAPTEIl 7 

THE llELATIONSHIP BETWEEN LOCAL SHOIlT-TERM USES OF MAN'S 
ENVIllONMENT AND THE MAIHTEKAHCE AND ENHAHCEMEHT OF 

LONG-TERM PIlODUCTIVITY 

7.01 The relationship between the short-term use of the Hudson 
lliver for power generation and the long-term productivity of the 
estuary may be considered in' terms of spreading urbanization on the 
one hand and the inherent value of the natural resource on the other. 
Both the Bowline Point and lloseton generating stations form part of a 
broad pattern of urbanization in the lower Hudson lliver Valley. 
Together with other existing power plants on the river, 'they 
represent examples of the traditional practice of locating generating 
facilities in relative proximity to the load centers they serve, on 
sites with adequate supplies of water to satisfy the operational 
needs of the power plants and capable of accommodating modest 
expansions of the facilities. 

7.02 As such, the, stations introduce no new trends in siting 
and neither strongly promote nor inhibit human development of the 
area. The visual prominence of the stations contributes heavily to 
the industrial character of the riverfront in their vicinities, but, 
by virtue of their locations and the long-established tradition of 
industry and commerce on the river, the stations are not unique 
features. There is no evidence that the presence of the power plants 
has given rise to any unusual pattern of land use in the valley nor 
that future land use platts might be unduly influenced by the existing 
facilities. Nonetheless, the stations are visually obtrusive and may 
be regarded as a detraction from the natural scenic beauty of the 
valley. In this respect, they do represent a compromise of the 
long-term productivity of the area. 

7.03 Man's influence on the Hudson lliver estuary has been 
sufficiently extensive and prolonged to alter virtually all of the 
native upland ecosystems of the valley. The varied land forms, 
however, provide habitat for a nu.ber of plant and animal species, 
reflecting in their diversity and distribution the past and present 
uses of land on the riverbanks. 

7.04 Despite development of the shoreline for industry, 
transportation, agriculture, residential and recreational uses, and 
the effects of a long history of water pollution, the wetlands remain 
productive. The aquatic ecosystems of the estuary, although altered 
somewhat by man's activities, in all likelihood remain essentially 
those present before intensive settlement of the area, notwith
standing the evident reduction in sturgeon, shellfish and other 
characteristic aquatic life. There is little doubt that the 
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biological productivity of the area has been diminished by some of 
man's previous and continuing activities on the estuary. Regarding 
the.e activities a.8Jb)rt:-tera deS of the environment. it is clear 
that looa-tera pro4aeti'rity: of the •• tuary ha. been reduced. To the 
extent detailed io Chapter-4, the BOwline Point and Roseton Generat
ing Stations as well as the other power plants on the Hudson River 
e.tuary give rise t,o '.P.cts aDd, thus, can be considered in terms of 
short-,.tena uae. of the envirom.ent. A -raote possibility exists that 
the coiltinued operation of these power plants will lead to 
irreversible change. (~apter 8). 
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CHAPTER 8 

IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES 

8.01 The Bowline Point and Roseton Generating Stations are 
major engineering projects that represent a substantial commitment of 
resources. Materials, energy and labor have been irretrievably 
committed ,in constructing the power plants. Their operation involves 
a continuing coumitment of fuel oil and labor. Rejection of waste 
heat from the power plants promotes evaporation of the condenser 
cooling water or a loss of water to the atmosphere. With respect to 
the Hudson River estuary as a water resource, this loss may be 
regarded as irretrievable. Land dedicated to the power plants and 
related facilities, although not an irreversible or irretrievable 
commitment in the strictest sense, is likely to remain in use for 
power generation or other industrial purposes well beyond the 
operational life of the present generating units. The coumitment of 
land to industrial purposes may be considered permanent. Biological 
resources have been and continue to be committed. A reduction in 
biological productivity results from the removal of potential habitat 
for fish and wildlife by the power stations and their continued 
interactions with the environment. Of primary concern are the 
impacts that the power plants exert on the aquatic ecosystem of the 
Hudson River. The opetation of the power plants lead to the 
destruction of fish artd'- other aquatic organisms. Their loss to the 
ecosystem is irretrievable. The question of whether this loss will 
lead to a significant alteration or an irreversible change of the 
ecosystem has not been fully resolved. 

COMMITMENTS AT THE BOWLINE POINT GENERATING STATION 

8.02 The Bowline Point Generating Station occupies a 245-acre 
tract, which includes the 53-acre Bowline Pond and II-acre Bowline 
Point public recreational facility. A short corridor (3.4 miles) 
links the station to transmission facilities that existed prior to 
the construction of the power plant. 

8.03 Areas were drained and filled in preparing the site for 
the project. More extensive portions of the site were cleared of 
vegetation and refuse and graded. Construction work on structures, 
roads, access facilities, parking lots and other paved surfaces and 
landscaping has been completed. Development of the site entailed the 
loss of an estimated 60 acres of wetlands and a loss of habitat for 
upland species not adapted to a mix of urban, surburban and 
industrial conditions. 

8.04 The station structures and equipment represent a permanent 
commitment of construction materials, such as cement, sand, gravel, 
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lumber, masonry, structural steel and steel siding, and a wide 
variety of manufactured items ranling froa boilers, turbine 
lenerators, pumps and other larle cOBponents to valves and plumbing 
supplies. Althoulh a portion of the commitment may be salvageable 
and reusable on decommissioning the station, the major part is 
irretrievably committed. 

8.05 Operation of the Bowline Point station at full power 
entails the consumption of fuel oil at the rate of 1,897 barrels per 
hour. The correspondinl annual consumption is approx~tely 10 
million barrels at a load factor of 0.66. Water losses due to the 
rejection of waste heat are about 30 cubic feet per sec~nd. The 
installation of closed cycle coolinl would increase the evaporative 
loss of water by 10 cubic feet per second. Minor quantities of 
expendable material supplies, such as cheaical cOBpounds used in 
water treatment and equipment cleaninl, maintenance supplies, 
detergents and sanitary products are consumed each year. 

8.06 The withdrawal of water frOB the Hudson River for 
condenser cooling and other purposes gives rise to the de.truction of 
fish and other aquatic organi .. s throulh entrainment and impingement. 
The continued destruction of striped bass and other specie. bY~he 
Bowline Point and other existing stations ul lead to a reduction 
in the adult standing stock in the Hudson 1ver. 

8.07 The term irreversible (or permanent) as applied to the 
effect of entrainment or impingement on a population of striped bass 
has the ecological connotations of: (1) bioligical extinction (no 
striped bass of any age class in the Hudson Rive~ for all time), (2) 
fishery extinction (such small striped bass population spawning in 
the Hud.on River as to be insignificant in its contribution to the 

"sport and commercial striped bas. fishery for all time), or (3) 
permanent reduction (but above the fi.hery-extinction level) in 
population size which continued after the stress is removed. 

8.08 Biological or fishery extinction due to entrainment and 
impingement ~f striped bass eggl, latVae, and Juveniles is only a 
r mote ssibility, even with once-thrOulh cooli at alf ower 
plants on the son 1ver. prevent1ng eXt1nct10n may 
include the occurrence of occasional strong year classes that could 
possibly offset several years of power plant impact. Recruitment of 
spawning fish from other Atlantic coastal stocks is also possible, 
although the extent of its potential occurrence is presently unknown. 
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8.09 A permanent reduction in the striped bass population size 
is ecologically possible. If one component of a biological community 
is selectively stressed so that the population is reduced to low 
levels for many years, a permanent change may occur in the structure 
of the system of which the species is a part and the population may 
be unable to return to the original size after the stress is removed. 
However, the possibility of causing an irreversible change in the ) 
population of striped bass is not presently considered as a matter of 
primary concern. 

8.10 Any reduction in the stock size of striped bass or other 
species resulting from the power generation activities ~n the Hudson 
River must be considered an irretrievable comadtment of that biologi
cal resource for the period over which the reduction remains in 
effect. The fishery yield lost-during the period of reduced stock 
level would also be irretrievable. 

COMMITMENTS AT THE ROSETON GENERATING STATION 

8.11 The Roseton Generating Station occupies a l33-acre tract 
of land. A small pond on the site, previously used for fly ash 
disposal, has been filled in developing the site. No wetlands have 
been affected by the construction of the station. 

8.12 The commitment of materials, energy and labor in 
constructing the Roseton station is similar to that described 
previously in connection with the Bowline Point station. Operation 
of the Roseton station involves the consumption of approximately 12 
million barrels of fuel oil per year. Evaporative losses of cooling 
water presently amount to an estimated 35 cubic feet per second and 
would increase to 42 cubic feet per second if an evaporative closed 
cycle cooling system is installed. 

8.13 Impacts on the aquatic ecosystem of the Hudson RiVer 
estuary resulting from the operation of Roseton station are similar 
in nature, if not· degree 0 those associated with the· 
Poi t tion As ment10ned previous y, the cont1nued operation of 
these two stations in combination with other existing facilities on 
the river might lead to irreversible changes in the ecosystem. There 
is substantial doubt, however t "s event is likely to cocur. 
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CHAPTER 9 

COORDINATION WITH OTHERS AND COMMENTS AND RESPONSES 

PUBLIC PREPARATION 

9.01 In preparing the Draft Environmental Impact Statement, 
the District contacted a large number of Federal, state and local 
governmental agencies, institutions, commissions, societies and 
corporations, with the primarf objective of including all important 
studies and elements of information in the development of the state
ment. Additionally, the District obtained literature searches on 
topics pertinent to the generation of electrical energy on the Hudson 
River from the National Technical Information Service (U.S. Depart
ment of Commerce, 1976c) and the Atomic Industrial Form (Atomic 
Industrial Forum, 1976), and the Smithsonian Science Information 
Exchange, Inc. (Smithsonian, 1976). 

9.02 The District informed the U.S. Environmental Protection 
Agency, Region II and the U.S. Department of the Interior, Northeast 
Region of its obligation relating to the Bowline Point Generating 
Station and the Roseton Generating Station by letters dated, respec
tively, 15 and 16 November, 1976 (Appendix B). Contact was made with 
the U~S. Federal Power Commission, Bureau of Power and the Acting 
Regional Engineer, New York Regional Office to identify sources of 
information pertaining to the need for electrical power in the State 
of New York and other matters that might involve the Hudson River. 
Information on wildlife, fish and fisheries was requested from the 
U.S. Department of the Interior, Fish and Wildlife Service and the 
U.S. Department of Commerce, National Oceanic and Atmospheric Admin
istration, National Marine Fisheries Service. 

9.03 Several officials were contacted in the New York State 
Execu~ive Department, Office of Parks and Recreation; the Department 
of State, Division of State Planning; the Department of Public 
Service, Public Service Commission; and the Department of Environ
mental Conservation, Division of Air Resources, Division of Fish and 
Wildlife and Division of Pure Waters. Information on land use was 
obtained from the appropriate New York State offices, the planning 
departments of most of the counties within the study area and the 
Tri-State Regional Planning Commission. Socioeconomic data pertain
ing to localities of interest were obtained from officials in county 
and township governments. 

9.04 Informed individuals at a number of universities, insti
tutes and public associations, including New York University, Cornell 
University, Dutchess County College, Boyce Thompson Institute, 
Natural Resources Defense Council, Regional Plan Association and 
Mid-Hudson Pattern for Progress, Inc. were contacted. Field data and 
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other pertinent information were requested and obtained from Utility 
companies that· operate power plants on the Hudson River, namely, 
Orange and Rockland, Consolidated Edison, Central Hudson and Niagara 
Mohawk and from the New York Power Pool. 

GOVERNMENTAL AGENCIES 

9.05 Comments on the Draft Environmental Statement were re
ceived from the following governmental agencies: 

Federal Agencies 

Depa~baent of Agriculture, Forest Service 
Department of Agriculture, Soil Conservation Service 
Department of Commerce, Assistant Secretary for 

Science and Technology 
Environmental Protection Agency, Region II 
Department of Health, Education and Welfare, Office 

of the Secretary 
Department of Health, Education and Welfare, Region II 
Deparbaent of Housing and Urban Development, Area Office 
Department of the Interior, Office of the Secretary 
Deparbaent of Transportation, Federal Highway 

Administration 
Department of Transportation, Regional Representative 

of the Secretary 

State of New York 

Department of Environmental Conservation 
Department of Law 
Metropolitan Transportation Authority 

CITIZEN AND OTHER GROUPS 

Comments were received from the following groups: 

Utilities 

Central Hudson Gas and Electric Corporation 
Consolidated Edison Company of New York, Inc. 
Orange and Rockland Utilities, Inc. 

Other Parties 

National Audubon Society _ 
Natural Resources Defense Council, Inc. on behalf 

of the Hudson River Fisherman's Association 
Save Our Stripers, Inc. 
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LETTERS OF COMMENT 

9.06 All letters of comment received on the Draft Environmental 
Impact Statement are reproduced in Appendix A. Comments to which re
sponses have been prepared in the Final Environmental Impact State
ment are indicated in the margin of each letter. Each letter is 
numbered and comments are numbered consecutively within each letter. 
Responses to these comments are given in Chapter 10. 

CHANGES TO THE DRAFT ENVIRONMENTAL IMPACT STATEMENT 

9.07 Comments received on the Draft Environmental Impact State
ment and new data that have become available since the Statement was 
issued, have resulted in revisions to several sections of the State
ment. The availability of new data and technical testimony submit
ted as part of the on-going adjudicatory hearings among the Utilities 
and the U.S. Environmental Protection Agency have resulted in exten
sive revisions to the impact analyses of entrainment, impingement, 
and long-term reduction in adult fish populations in Chapter 4. 
Additionally, the computer anal sis of the'thermal impact of cooling 

er sc aries was ex ed to inc u e a s au at on 0 conditions 
t could result during a droug t year. Corrections were also made 

to the input co t ons 0 e c u analysis of salt drift from 
cooling towers and the results computed on a monthly rather than a 
yearly basis. A drought year was also included in the analysis of 
salt drift. In Chapter 6 (Alternative Actions), more cooling alter
natives have been discussed and a section on potential improvements 
to intake structures has been added. Other changes to the text 
resulting from responses to comments did not materially change the 
findings as originally presented. These text changes are noted in 
response to comments given below. 

RESPONSE TO COMMENTS RECEIVED ON THE DRAFT ENVIRO~NTAL IMPACT 
STATEMENT 

9.08 Responses to the letters of comment on the Draft Environ
mental Impact Statement reproduced in Appendix A are given below. 
Each comment to which a response has been prepared is indicated by a 
vertical line in the margin of the letter in Appendix A. Each letter 
has been given a number and comments within each letter have been 
numbered consecutively so that every comment has a unique hyphenated 
number that identifies it as to the letter it is from and which com
ment it is within the letter. For example, Comment 14-23 would be 
comment 23 from letter 14. 

9.09 The response is given immediately below the comment. In 
some cases, the original comment has been summarized, paraphrased or 
shortened for inclusion here. In such cases, the reader may check 
the original letter in Appendix A for the full text of the comment. 
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u.s. DEPARTMENT OF AGRICULTURE, FOREST SERVIC~ 

Comaent 1-1 

Continued operaiton of Bowline,Point Station would have no 
significant effect OD forested land, beyond that referred to in our 
comments of 1973. 

Response 

Since the chronic effects ofaalt drift to vegetation are 
unknown, and the potential acute, visible impacts can be assessed 
only for less than S percent of the species occurring in the South 
Mountain-High Tor State Pal'k Forest, a deter1lination of "significant 
effect on forest land" would be prelimiary at best (see paragraph 4). 

Coaa.ent 1-2 

Direct daaage to plants from salt would be temporary as stated 
in parearapla. 4.82, pp. 4-47 and 4-48 of the :t)IS. If soil salt 
content should approach the threshold of d .. age for dogwood and other 
sensitive tree species, more r.sistent species could be sub.tituted. 

Response 

A generalization that salt drift damage would be temporary is 
not justified due to the paucity of drift experiments (see paragraph 
4). Replacing daaaged re.idential and urban ornamentals with resis
tant fol'lll8 would be fe .. ible. An attempt to substitute salt-drift 
resistant specie. in natural ecosy.teas would probably result in 
greater environmental impacts from physical disturbances, such as 
trampling and rooting, than if natural recolonization of affected 
sites were allowed. 

u.S. DEPARTMENT OF COKHIRCE, NATIONAL OCEANIC AND ATMOSPHERIC 
ADMINISTRATION, NATIONAL KARINE FISHERIES SERVICE 

Comment 4-1 

we recomaend that the Corp. of Enaineer. consider the alter
native in which the present permit be modified to follow the major 
stipulation found in the National Pollution Discharge Elimination 
System permit issued by the U.S. Enviornmental Protection Agency. 
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Response 

The alternative of closed cycle cooling is one of the alterna
tives included in the EIS, and will be considered by the Corps in any 
subsequent actions which may be taken with respect to modification, 
suspension or revocation of the outstanding permits. 

u.s. DEPARTMENT OF COMMERCE, NATIONAL OCEANIC AND ATMOSPHERIC 
ADMINISTRATION, ENVIRONMENTAL RESEARCH LABORATORIES. 

CoaIIlent 5-1 

Although the report summary concludes, from monitoring data that 
in no instance were the air quality standards exceeded, a numerical 
simulation discussed in Section 4.54 showed 24-hr average S02 con
centrations would exceed standards on the High Tor ridge line near 
the plant. Furthermore, attempts to monitor the ridge location pro
duced inconclusive results because of the apparent sporadic nature of 
the monitoring and tracer test program. In fact, the report goes on 
to say in Section 4.56 that the possiblity of exceeding S02 stand
ards could not be ruled out on the basis of the surveys. The impli
cation in the summary of adverse environmental impacts (page iv) 'is 
otherwise. 

Response 

The conclusion reached in paragraph 4.56 of the DES is based on 
a partial analysis of available information. A complete analysis 
leads to the conclusion now set forth in the FES, namely, that, on 
the basis of both observations and consideration of meteorological 
records, the possiblity of contact between the plume and ,the High Tor 
ridge is remote. 

u.S. ENVIRONMENTAL PROTECTION AGENCY, REGION II 

C01IIIIlent 6-1 

The EPA recommends that a final EIS not be issued until EPA's 
adjudicatory hearings are ended and a decision on the closed-cycle 
requirement is rendered. 

Response 

The Corps is preparing the EIS pursuant to the time requirements 
of a court approved schedule which is embodied in the Final Order. 
The court, in establishing its deadline, was aware of the ongoing EPA 
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, 
hearings dealing with closed cycle cooling, then in progress but did 
not link the Corps' obligation to file its final EIS on the progress 
or completion of those hearings. The recommendation contained in 
these c~nt8 ie therefore in conflict with the rinal Court Order, 
which impo8es on the Corps a ti .. li.it with respect to filing. the 
Final EIS. It should be noted. however, that the BIS has included in 
its discussion of the alternative of closed cycle cooling all infor
mation and data developed to data in the on-going EPA adjudicatory 
hearings dealing withthi. subject. 

Comment 6-2 

Air quality data and modeling results indicate that the source 
does not violate the National Aabient Air Quality Standards. 

Response 

Coauaent noted. 

Comment 6-3 

In light of these comments and in accordance with EPA Procedure, 
we have classified this draft EIS as ER-l, indicating environmental 
reservations on the undisclosed Corps proposal (ER) and information 
sufficient for each a determination (1). 

Response 

COIIlaent noted. 

u.s. DEPARTMENT OF HEALTH, EDUCATION AND WELFARE, -OFFICE OF THE 
SECRETARY 

COIIIIlent 7-1 

We noted that the impact on the quality of river water as re
lated to the marine life is addressed, including aaintenance of water 
quality (SB) level necessary to permit swimming. However, it is also 
noted that there is a need for upgrading the existing quality level 
to provide a potential backup potable water source. The effect on 
this potential source from the discharge of boiler blowdown and other 
chemicals should be addressed. 
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Response 

As indicated in paragraph 2.33 of the DES, water quality over 
the portion of the Hudson River estuary roughly between mile points 
30 and 60 is generally good (Classes SB and B) but unsuitable for 
municipal water supply because of the intrusion of saline water. 
Both the Bowline Point and Roseton stations are on this section of 
the estuary. Attention to the Hudson River as a potential source of 
water for the regional supply system has, to date, focused on the 
reach of the estuary between mile points 86 and 95 (paragraph 1.103 
of the DES). Beyond the consideration of the remoteness and down
stream location of these power plants from the possible source of 
potable water, it may be well to note that the release of contami
nants from the power plants in quantities meeting limitations imposed 
through the National Pollutant Discharge Elimination System permit is 
not expected to cause any appreciable degradation in the quality of 
the receiving waters (paragraphs 4.40, 4.44, and 4.47 of the DES). 

Comment 7-2 

The emissions from the power plant (or plants) are addresssed in 
terms of both the local effect and the additive effect on the quality 
of the air shed. Analysis of the impact on human health would be es
sential in order to complete the assessment. 

Response 
; 

The impacts that the Bowline Point and other generating stations 
on the Hudson River exert on the quality of the air shed are analyzed 
in terms of compliance with or possible violations of regulatory 
standards. These standards, of course, are set on the basis of pub
lic safety and welfare so that further considerations of human 
health, particularly Where all applicable standards are being met, 
appears to be beyond the scope of the environmental statement. 

Comment 7-3 

The entrance into the food chain (sport fish) of the chemicals 
resulting from power plant operation and their potential for biomagni
fication needs analyses and assessment. 

Response 

The chemicals that may be discharged into the aquatic environ
ment as a result of power plant operations are described in Table 4-1 
and Appendix D. 3-D. 5. Most of these compounds are various acids and 
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bases used for cleaning and preventing corrosion of .equi~nt and 
would not be expected to bioaccumulate in aquatic organisms. Only 
one heavy metal, chromium in sodium dichromate (Na2Cr207), is 
known to be present among these chemicals. Although so~ aquatic 
organi .. s may bioaccumulate chromium from low concentrations in the 
ambient environment, chromium has not been reported to biomagnify 
sequentially through the food chain. For several of the chemicals 
used, the composition.is unknown and proprietary to the developing 
company (e.g., Drew G4rd-100, Vertan). Those proprietary chemicals 
containing any of 129 Federally designated "priority pollutants" are 
undergoing evaluation by the U.S. Environmental Protection Agency 
(U.S. Environmental Protection Agency, 1979.). 

Comment 7-4 

In summary, the potential for impacting public health and safety 
should be addressed in order to complete the statement. 

Response 

Public health is the primary focus of the District's analysis of 
the effect of the Bowline Point and the other generating stations on 
air quality and water quality in the study area. Public safety is 
considered specifically in paragraphs 4.229 and 4.230 of the DES in 
terms of potential accidents at the Bowline Point stations and in the 
transportation of fuel to the station. 

U.s. DEPARTMENT OF THE INTERIOR, OFFICE OF THE SECRETARY 

C01IIIlent 10-1 

Several undocumented assertions occur in the·draft statement. 
For exmaple, on page 4-10, it is stated that "In terms of the flow 
regime of the lower Hudson River, the evaporative losses of water 
caused by the rejection of waste heat from existing power plants are 
considered to be negligible." Such statements should be fully 
referenced and supported since we question that it can be properly 
concluded that these effects are negligible. 

Response 

Consumptive use of water associated with the rejection of waste 
heat from all of the existing power plants on the Hudson River estu
ary is estimated by the District to be of the order of 70 cubic feet 
per second (paragraph 4.24 of the DES). This estimate is based on 
duly referenced information supplied by the U.S. Environmental 
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Protection Agency, generally applicable rules-of-thumb taken as 
assumptions in the DES and well established physical constants. A 
comparison is next made between a consumption of 70 cubic feet per 
second, eonsidered by the District to be a high or upper estimate and 
an average annual flow of 13,000 cubic feet per second gaged at Green 
Island, upstream of all the power plants under consideration. Consi
dering further that the freshwater flow is augmented by an unknown 
amount supplied by three major tributaries downstream of the conflu
ence of the Hudson and Mohawk Rivers--identified by the U.S. Depart
ment of the Interior as the Wallkill River and Kinderhook and Rondout 
Creeks (paragraph 2.25 of the DES)--the District concludes that the 
evaporative losses of water are negligible in terms of the flow 
required of the lower Hudson River. 

In terms of depleting the freshwater resource, the District 
notes in its analysis that the major portion of the installed capa
city on the Hudson River is on a reach considered unsuitable for 
municipal water supply because of the intrusion of saline water. 

Comment 10-2 

In several places in the draft statement, for example, para
graphs 4.180 to 4.183, the staff concludes that more accurate and 
reliab~e assessments of potential impacts might be possible if addi
tional data were collected. Any request for additional studies 
should be predicated on an extreme need for specific types of infor
mation and a high probability of obtaining that information. 

Response 

Comment noted. 

Coament 10-3 

The Corps' acknowledgement on page 4-63 that 1974 was character
ized by "exceptionally low freshwater flow" in the Hudson River 
introduces considerable reason for concern. Entrainment and impinge
ment analyses for Bowline rely heavily on field data collected in 
1974. thole data serve as input for very important model runs which 
may serve to identify alternate ~ecision options. Basic questions 
regarding the representative nature of 1974 data and its incorpora
tion into 40-year predictive models should be addressed. 

The above statement on low flow could be correlated with the 
statement at the top of page 4-5 indicating that 1974 is "a year 
considered to be typical." Similarly, the table of Hudson River 
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flows on page 2-15 should be correlated with the statement on page 
4-63 concerning low freshwater flows. 

Response 

COIIIDent 10-4 

The draft statement on page 4-70, concludes that yolk-sac larvae 
of the Atlantic tomcod are most numerous downriver of Haverstraw Bay 
and, therefore, that this distribution greatly reduces their entrain
ment at Bowline. An equally credible conclusion is that the observed 
distribution, with a general downriver maximum density, is a direct 
result of entrainment and impingement at upriver power plants. The 
consequences of this alternative interpretation of existing data 
should be explored thoroughly in the final environmental statement. 

Response 

This statement has been deleted from the FES. 

Comment 10-5 

There is no evidence that the use of a Ricker-type function is 
valid in estimating long-term impacts to white perch, Atlantic cod
tamcod, and American shad. This largely invalidates any conclusions 
obtained by use of equilibrium reduction equation, regardless of the 
confidence with which impingement and entrainment losses might be 
estimated. 

Response 

A discussion of the use of the Ricker formulation to describe 
the population dynamics of Hudson River fish populations begins at 
paragraph 4.229. 

Cooment 10-6 

For purposes of estimating entrainment mortality at Bowline and 
other power plants along the Hudson, the Corps .elected intake f
factors (fl) of 0.5 and 1.0. The rationale for using 0.5 and 1.0 
is unclear. The final statement should include analyses and discus
sions of model predictions (percent reductions in adult stocks) based 
on values of 2.0, 5.0, and 10.0. 
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Response 

The model used in the DES by Oak Ridge National Laboratory to 
estimate long.term reduction in the adult striped population is not 
used in the FES. 

Coament 10-7 

The implicit conclusion from the djscussion on page 4-70 and 
4-71 of , the dES is that blueback herring and alewife will sustain 
only slight entrainment losses because they spawn north of the 
river's power plants is suspect. The conclusion is dependent on the 
mistaken assumption that early life stages of blueback herring and 
alew~fe are distributed very similarly to American shad. This is not 
true. In fact, herring and alewife are more abundant in downstream 
areas as opposed to shad which occur in greatest numbers farther 
north. See Lawler, Matusky and Shelly (1977a, 1977b). The erroneous 
conclusions presented in paragraphs 4.159, 4.160, and 4.175 of the 
DES must be considered in light of these recent references. 

Response 

These sections have been eliminated from the DES and replaced 
with more recent information in the FES. 

Co.-ent 10-8 

The draft statement on page 4-88 summarizes the utility com
panies' position concerning density-dependent growth, namely that 
there exists " ••• a significant negative linear correlation relating 
young-of-the-year density and growth for striped bass in the Indian 
Point region." This is inaccurate. A more recent report submitted 
by the companies points out that data presently available do not 
substantiate the relationship postulated earlier. 

Response 

More recent analyses by the Utilities have found a significant 
negative correlation between striped bass young-of-the-year popula
tion size and growth rate. Review of these data by the staff of the 
u.S. Environmental Protection Agency and their consultants indicates 
that this relationship cannot be substantiated. A discussion of this 
issue begins at paragraph 4.212. 
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Comment 10-9 

The draft statement uses an estimate of striped bass mortality 
at the proposed Cornwall plant. This estimate is in error. 

Response 

Because of the uncertainty of implementation of the Cornwall 
project, its potential impacts are not considered in the FES. 

Comment 10-10 

Other than general statements about the species composition, 
relative densities and seasonal changes in Bowline Pond, the ·draft 
statement provides little useful information to describe fish popu
lations. 

Response 

All presently available data on fish eggs and larvae in Bowline 
Pond has been summarized in the FES (Paragraphs 2.95 and 4.124). 
References to pertinent site-specific studies are provided if more 
details are desired. 

COUIDen t 10-11 

There is general agreement that some adverse impacts, particu
larly those to striped bass, are regional--not localized. The pre
cise geographic and numerical bounds of those impacts remain points 
of controversy. Nonetheless, relative to the discussion on page 4-1, 
it is important that the Corps of Engineers recognize the signifi
cance of the regional impacts of the Bowline plant and not rely sole
lyon an assessment of cumulative power plant impacts to address 
regional concerns. 

Response 

A note has been added to paragraph 4.01 of the FES to indicate 
that, where appropriate, the analysis encoapasses potential impacts 
of a regional character experienced beyond the limits of the study 
area. 
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COIBent 10-12 

The treatment on page 4-103 in the DES of the contribution of 
Hudson River striped bass to the Atlantic coastal population is vague 
and brief. The "contribution" issue deserves more thorough treatment 
in the final environmental statement. 

Response 

The issue concerning contribution of Hudson River striped bass 
to the Atlantic fishery is discussed in more detail in the FES, para
graphs 2 and 4, and Appendix D. 

Comment 10-13 

The assertion on page 3-6 of the draft statement, that the 
existing Bowline facility represents a "baseline or initial condition 
for future planning," requires further explanation. In our view, it 
fails to recognize the intent of Congress when it passed Public Law 
92-500. We believe that the Federal Water Pollution Control Act 
Amendments of 1972 do not provide for, ~ priori, facilities such as 
Bowline as necessary contributors to water pollution. To the con
trary, several sections of that Act, most notably 3l6(a) and 3l6(b) 
were intended to discourage such assumptions. 

Response 

This statement, contained in paragraph 3.23 of the DES, does not 
add substantively to the understanding of the relationship between 
the Bowline Point generating station and land use planning on the 
Hudson River estuary. It has been deleted. 

Comment 10-14 

The conclusion that Bowline Point Generating Station is not 
likely "to present an unusual constraint in devising plans to guide 
and control further growth" requires clarification. If the facility 
is permitted to operate with once-through cooling, it may very well 
influence future development along the Hudson River. Simply on the 
basis of water withdrawals and accompanying aquatic impacts, opera
tion with closed-cycle cooling is preferred to once-through cooling. 
Closed-cycle cooling requires only 2 to 5 percent of the water used 
in once-through systems. A similar reduction in aquatic impacts 
could very easily influence future uses of the Hudson River Estuary. 
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Response 

This stateaent contained in paragraphs 3.23 of the DES does not 
add substantively to the understanding of the relationship between 
the Bowline Point station and land use plannina on the Hudson River 
estuary. It has been deleted. 

Cooment 10-15 

We are pleased to note that the draft environmental stateaent, 
on page 3-3, recognizes the work proceeding under the current Hudson 
River Basin Level B Study. Any further studies or project implemen
tation phases should be related to the findings of the basin-wide 
study. 

Response 

COIIlIIIent noted. 

Cooment 10-16 

The discussions in paragraph 4.85, on page 4-48 of the DES has 
not demonstrated that plants are more likely to be adversely impacted 
by average annual concentrations of salt in the air and rates of 
deposition of salt than by concentrations and depositions of greater 
magnitude and shorter duration. The entire discussion and analysis 
of potential impacts from salt depoaitionis keyed to average annual 
predictions. The usefulness of such an approach is questionable in 
the absence of more specific information concerning lethal exposure 
thresholds, acclimation capabilities, and duration-magnitude projec
tions. The final statement should be expanded to cover these addi
tional considerations. 

Response 

The DEIS discussiona in paragraph 4.85 have been revised using 
the only reliable information available (see paragraphs 4.84 and 
4.10]). Lethal exposure thresholds and acclimation capabilities are 
not known, and duration magnitude projections cannot be made. The 
limitations of the salt drift impact assessment in the FEIS are 
explicitly stated in paragraph 4.86 • 
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Coaaent 10-l7 

Sections 2.123 and 2.124 on page 2-67 of the draft statement 
provide only scant information concerning ~xisting recreational 
resources of the area under study. The basic listing of activities 
presented should be complemented by identifying som~ of the major 
attractions or by t~bulating the total overall activities. For exam
ple, the total number of boat slips and boat ramps within view of the 
plant sites under study should be tabulated as should the total num
ber of marinas and river access points near the plant sites. Major 
marinas or access points should be id~ntified. The area could be 
overflown on randomly selected days to' count the recreational vessels 
on the river to obtain estimates of boating use. 

R.esponse 

Since the Bowline Point Generating Station is built and has been 
in operation for a number of years, its visibility is taken as the 
major source of potential impact on recreational facilities in the 
vicinity of the station. Considerable attention is given in the DES 
to the visual intrusion of the power plant (for example, paragraphs 
4.220 through 4.224 and 5.02 of the DES) and the emphasis placed on 
its visual impact by the Hudson River Valley Commission in reviewing 
the Bowline Point project (paragraphs 1.57 and 3.18 of the DES). 

From its analysis, the District has concluded that the visibil
ity of the power plant and other aspects of the plant's operation 
relating directly to the human resources of the study area (para
graphs 4.216 through 4.236 of the DES) have not discernibly affected 
local land use, property values in the area of patterns of urbaniza
tion, industrialization and business activities (paragraphs 3.06 and 
3.11 of the DES). Further, the public recreational facility provided 
in part by Orange and Rockland has proved to be a popular local 
attraction in spite of its close proximity to the -power plant (para
graphs 1.43 and 3.07 of the DES). 

For these reasons, the District does not consider the visual 
impact of the Bowline Point stations, in terms of its effects on 
local recreational amenities, to be a matter of substantive concern. 
Accordingly, the effort needed to cataloge the recreational facili
ties within the viewshed of the power plant, to estimate the usage of 
these facilities, and next to attempt to make comparisons between the 
preconstruct ion and operational phases of the Bowline Point project 
appears to be unwarranted. The District does recognize that the 
visibility of the station may inhibit certain types of residential, 
commercial or recreational developments in its vicinity (paragraph 
3.11 of the DES). It may be well to note here that none of the 
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comments on the DES point to any significant adverse impact on recrea
tional facilities experienced since the construction of the Bowline 
Point station. 

Comment 10-18 
~ 

Swimming areas and camping areas within view of the plant sites 
should be identified with a measurement of acreage and river front
age. State parks in the area should be identified with data concern
ing acreace, annual visitation, shore frontage, distance to plant 
sites, vista intrusion, types of activities included. Valley resorts 
and clubs impacted by the visual intrusion on recreation sites with 
and without natural draft cooling towers and discuss the extent to 
which these effects might be mitigated by alternative cooling systems 
such as mechanical draft towers or a cooling pond. 

Response 

See response to preceding comment. 

Comment 10-19 

The protection of cultural resources has received only limited 
attention in the draft statement. We are particularly concerned 
about the possible impacts on three Bational Historic Landmarks shown 
on Table 2-16; they are: The Stony Point Battlefield, the Palisades 
Interstate Park and the Van Cortlandt Kanor. In performing a more 
detailed analysis of impacts on these three historic sites, the State 
Historic Preservation Officer should be consulted along with local 
historical authorities, concerning the probability, character, and 
magnitude of impacts on all the sites identified. As indicated in 
paragraph 2.121, compliance with 36 CFR Part 800 appears to be war
ranted for at least three sites mentioned above. Further consulta
tion with the State Historic Preservation Officer should confirm 
this. 

Response 

In the analysis prelented in the DES, two potential sources of 
impact on historical resources are considered--acidic mists formed by 
the interaction of plumes from the stacks and cooling towers, if. 
these are ultimately inltalled, and visual intrusion. On the basis 
of observations at operating natural draft cooling towers, the possi
bility of an increase in the incidence of fog and by inference, 
acidic mists, if these are formed at all, at ground level near the 
Bowline Point station is considered to be remote (paragraph 6.25 of 

9-16 



the DES). Accordingly, it is not expected that damage to structures, 
including those of historical value, caused by corrosive airborne 
contaminants would be appreciably aggravated if evaporative cooling 
towers are installed. It may be well to note that recognition is 
given in the analysis to the contribution of the Bowline Point and 
Roseton generating stations to the formation of sulfate and nitrate 
aerosols and the attendant hazards of acid precipitation in the 
northern United States (paragraph 5.05 of the DES). Although the 
operation of these stations leads to no violations of applicable air 
quality standards. 

Regarding the visibility of the power plants, the District has 
recognized the criterion of visual intrusion as one of the set of 
criteria identified by the U.S. Department of the Interior as perti
nent in the determination of impact on historical resources (para
graphs 4.235 of the DES). Available analytical techniques to make 
such determinations, however, are limited and generally apply in 
predictive situations. In the case of the existing Bowline Point and 
Roseton generating stations, the District considers the revocation of 
its permits, forcing the abandonment and dismantling of the stations, 
as the only effective means of reducing possible visual impacts on 
historic sites in the vicinity of the stations. As stated in para
graph 6.01 of the DES, the District has considered this course of 
action and evidence of adverse impacts on historic sites is one of 
the factors entering into the District's final decision. No specific 
instance of damage to historic sites has been reported in comments to 
the DES. 

COlIIDent 10-20 

Although there may have been previous ground disturbances in the 
area, we believe that the final statement should address the presence 
and protection as necessary, of archeological values that may be 
affected as a result of cooling tower construction. If these matters 
have not previously been considered at the proposed site of construc
tion, they should be assessed at this time. The final statement 
should include the comments of the State Historic Preservation 
Officer and show compliance with 36 CFR Part 800. 

Response 

An archeological survey of the Bowline Point site has not been 
conducted. Accordingly, information needed to assess the potential 
for destroying archaeological values if cooling towers are construc
ted is not available to the District. The District has considered 
the requirement that an archaeological survey be conducted and that 
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the necessary protection be provided as an additional condition to 
its permits covering the Bowline Point and Roaeton Generating 
stations. 

Comment 10-21 

The discussion in paragraph 5.01, of adverse impacts on page 5-1 
of the DES states that there is no reason to believe that the con
struction or operation of the Bowline and Roseton stations will 
affect groundwaters in their vicinity. We agree that the possibility 
of adverse impacts on groundwater are negligible since oil is being 
used as fuel. In the event of the conversion to coal, which appears 
to be unlikely, further analysis of groundwater impacts would be 
necessary. It i~ possible that the plant will be modified to· use 
cooling towers under which conditions aalt from the .cooling tower 
drift may infiltrate the groundwater. The final statement should 
assess the potential for salt infiltration to the groundwater from 
this source. 

Response 

The maximum average deposition of salt at 0.2 mile of the pro
posed Bowline Point towers during the 1964-1965 drought would have 
been 39.5 kg/ha/yr (see paragraph 4.p,9). Salt deposition within 270 
m of the ocean under a pine forest averaged 687.6 kg/ha/yr during a 
recent study (Potts, 1978). Because of this 17-fold difference and 
the presence of potable water at distances less than 270 m along 
oceanic coasts, the potential for adverse impact of salt to ground
water at Bowline Point is probably remote. The potential risk at 
Roseton is even lower due to substantially lower deposition rates 
than at Bowline Point (see paragraph 4.1Q8). 
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STATE OF NEW YORK, DEPARTMENT OF ENVIRONMENTAL CONSERVATION 

COIIDent 13-1 

To eliminate duplicative efforts, we suggest that the Army Corps 
of Engineers become a party to the on-going EPA adjudicatory hear
ings, or at least defer judgment on Bowline Point and other Hudson 
River power plants until EPA hearings have resolved the issue of 
close-cycle cooling. 

Response 

The Corps is preparing the EIS pursuant to the time require
ments of a court approved schedule which is embodied in the Final 
Order. The court, in establishing its deadline, was aware of the on
going EPA hearings dealing with closed cycle cooling, then in pro
gress but did not link the Corps' obligation to file its final EIS on 
the progress or completion of those hearings. The recommendation 
contained in these comments is therefore in conflict with the Final 
Court Order, which imposes on the Corps a ~ime limit with respect to 
filing the Final EIS. It should be noted, however, that the EIS has 
included in its discussion of the alternative of closed cycle cooling 
all information and data developed to data in the ongoing EPA adjudi
catory hearings dealing with this subject. 

Comment 13a-l 

The consent decree directs the Corps of Engineers to prepare a 
draft EIS and circulate it for comments on the cumulative effects of 
Bowline Point Generating Station together with existing or proposed 
electric generating plants on the Hudson. A similar decree was is
sued for Roseton Generating Station. It is unclear whether the DES 
is designed to satisfy both decrees. The data for Bowline Point 
predominates, but discussion for the Roseton Plant also appear. We 
have reviewed the statement as pertaining to Bowline Point. It would 
be helpful to hear when a DES for Roseton is expected. 

Response 

The draft EIS was designed to consider the cumulative effects of 
existing or proposed electric -generating stations on the Hudson River 
thereby satisfying the Consent Decrees issued for both Bowline Point 
and Roseton facilities. The decree issued for Roseton provided that 
the study and evaluation shall be based on information and data de
veloped by the Corps or Engineers from the EIS prepared in connection 
with the operation of the Orange and Rockland plant at Bowline Point. 
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Comment l3a-2 

The DES contains a clear explanation of the individual and cumu
lative thermal loads on the river due to once-through cooling. Yet 
the cumulative effect. of other impacts such as noise, aesthetics, or 
salt drift from cooling to~ers are not consisely presented. 

Response 

Concern over the continued operation of the subject power plants 
with once-through cooling centers on their individual and combined 
effects on the aquatic ecosystem of the Hudson River estuary. Ac
cordingly, this topic is prominent in the analysis prese~ted in the 
DES. 

Other potential sources of cumulative impacts, however, have not 
been overlooked. Among these are airborne-emissions of sulfur diox
ide from the Bowline Poiat, Lovett, Roseton and Danskammer stations 
as well as possible interactions among the plumes from stacks and 
cooling towers, wi th the consequent format,ion of acidic mists. For 
reasons given in par.graphs 4.52 and 4.53 of the DES, tha cumulative 
impacts of these stations on air quality in the study area are not 
expected to be appreciable. 

There are presently no reported instances of citizens' com
plaints made as a result of noise generated at the power plants. 
Large structures such as power plants and cooling towers are at a 
rudimenta'ry stage of development and means of deriving a succinct 
measure of cumulative visual impacts are not available. Such impacts 
are put into perspective in the DES by tracing the historic develop
ment of the Hudson River estuary (paragraphs 2.04 through 2.08) and 
relating the presence of the power plants on the river to that devel
opment (for example, paragraph 4.224 of the DES). 

COIIIIlent 13a-3 

Finally, the DES presents no recommended actions. There is no 
concluding summary which presents a preferred list of actions. The 
different alternative plans are not rated for their environmental 
impact. The reader receives no hint from the authors as to the 
solution which balances'environmental impacts at Bowline Point. The 
Army Corps of Engineers has presented no proposal for Bowline Point 
Generating Station. A draft EIS should make some ordering of pos
sible actions so that the reviewing agencies can best make comments 
to the Army Corps of Engineers. Therefore, the draft environmental 
.tatement should be redone incorporating the recommended actions and 
analysis supporting these recommendations. It should be reissued for 
comments after the Corps staff recommendations are incol'porated 
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into a draft statement, and after comments on this draft statement 
are received, a final environmental statement prepared and issued. 

ltesponse 

The EIS was prepared to present several alternative actions 
related to the Corps of Engineers permit authorizing construction 
in navigable waters of the Hudson River of water intake structures 
forming part of the Bowline Point Generating Stations. Current 
regulations dealing with the preparation of the EIS do not require 
the Corps to rate the alternatives for their environmental impact. 
The data contained in the Final EIS will be utilized, ho~ever, by the 
Corps together with all other information contained in the adminiS-) 
trative record in their decision affecting the modification, suspen
sion or revocation of the existing permits. 

COIIIDent 13a-4 

The DES should compare the rate of flow in different parts of 
the intake train (Table 1-2) with the cruising speeds of fishes, such 
as Atlantic tomcod and striped bass, that are entrained and impinged 
at a high rate. 

Response 

The entrainment and impingement of striped bass and other fishes 
of the Hudson River are treated extensively in Chapter 4 of the DES. 
Noting the cruising speeds of these fishes and comparing these to the 
velocity of flow in various parts of the intake system is considered 
overly simplistic, possibly misleading and inappropriate in the sec
tion of the DES providing a description of the Bowline Point Generat
ing station. 

Co_ent 13a-5 

The statement does not address the various methods by which 
these flow rates can be reduced to lessen impingement and entrainment 
losses during critical spawning or migration seasons. 

Response 

Such methods are discussed in detail in paragraphs 6.48 through 
6.57 of the DES. An expanded section dealing with recent innova
tionsin techniques designed to reduce damage at the wat~r intakes of 
steam-electric power plants has been added to Chapter 6 of the FES. 
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Comment 13a-6 

The construction of any of the cooling tower options, modifica
tions of Bowline Pond inlet, dredging of Bowline Pond, or alterations 
of the intake or outflow will generate some amount of spoil. If a 
large volume of spoil is produced, then detailed evaluation of the 
impact of the disposal of the spoil is due including the location and 
ultimate disposition of the spoil. Additionally, the production of 
sediment during construction and its delivery in run-off to nearby 
water bodies. should be addressed. 

Response 

Installing cooling towers at the Bowline Point station or imple
menting certain other alternatives to the present open cycle cooling 
systems would entail excavation work or dredging. Spoil would be 
generated in these operations and appropriate sites, either upland or 
at sea, would be needed for its disposal. 

ComIIent 13a-7 

Plants which will be subject to foliar injury from salt drift 
are not limited to the Orange and Rockland property as implied in 
the subsection of the DES beginning on pages 4-47, paragraph 4.80. 
Several critical areas will be exposed to increased airborne salt 
in the Hudson River Valley such as High Tor Kountain, Bear Mountain 
Park, and Harriman Park. A map and a more detailed description of 
the vegetation and critical areas potentially impacted by salt drift 
are needed. 

Response 

Only 11 plant species have been tested reliably for salt drift 
impacts. The distribution of these species and their potential to be 
damaged are discussed in paragraphs 4.85. The probability of other 
species being affected cannot be assessed due to a lack of 
information. 

Comment 13a-8 

In Section 2.81 of the DES, the discussion of effects on two 
species, the short-nose sturgeon (endangered) and the Atlantic stur
geon (threatened) is inadequate. Spawning and nursery areas are not 
mapped or described. Although this information is, in part, unknown, 
the DES does not hypothesize the likelihood of impact on these two 
important fish species. 
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Response 

The existing populations of the two species of sturgeon are 
described in paragraph 2.81 (Endangered or Threatened Species) and 
the apparent effects of Hudson River power plants on sturgeon are 
addressed in paragraph 4. (impacts to Endangered or Threatened Spe
cies). These discussions have been expanded to include information 
in the testimony of W. Dovel (1979), which recently became available. 

Cooanent 13a-9 

Plants in the area are only identified and listed iL paragraph 
2.82, page 2-48 of the DES; no analysis on site or in the salt drift 
area appears. Experiments have shown Dogwood, a protected 'plant, to 
be a susceptible species to salt drift. Other protected plants may 
also be susceptible to salt drift. 

Response 

The salt drift impact assessment in the FEIS is the result of a 
site reconnaissance, literature critique, and computerized modeling 
of salt drift deposition. See paragraph 4.90 for specific species 
effects. 

Comment l3a-lO 

The discussion of the physiography of the locale of the Bowline 
Point station contains no mention of the Ramapo Fault. The discus
sion should include some consideration of this feature. 

Response 

A reference to the Ramapo Fault has been added to discussion in 
paragraph 2.17. A more detailed discussion of this fault system may 
be found in Aggarwal and Sykes (1978). 

CODIDent 13a-11 

The probability of drought over the life of Bowline Point Gener
ating Station is not addressed. Such climatological information is 
important in assessing possible impacts from salt drift. 

Response 

An analysis of salt drift during a drought year has been in
cluded in the FES. 
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Comment 13a-12 

The oscillation of the salt wedge movement should be related 
to the likely increase in airborne salt in drift from the cooling 
towers. 

Response 

An expanded analysis of the salt drift including moothly vari
ations in the deposition rate of salt, has been added to the PES. 

Comment 13a-13 

Discussions of adults, eggs, and larvae of the several species 
of fish occurring in Bowline Pond should include a comparison with 
fish in the open river and a record of abundance for a representative 
one-year ~eriod. 

Response 

The discussion of fish egg8, adults, and larvae in Bowline Pond 
and the Hudson River has been expanded in the PES and references pro
vided for more detailed information. 

Comment 13a-14 

The data as presented in the thermal analysis and mo~eling 
section reflects sampling at specific times. A description which 
relates the frequency of occurrence of temperatures which exceed 
State and Federal standards would be helpful in understanding the 
expected thermal impact during the "worst case" situation. 

Response 

Additional information has been given in the revised analysis in 
the FEIS. 

Comment 13a-15 

The calculated total esti~ted 10S8 of 70 cfs associated with 
the rejection of waste heat from all of the existing power plants 
on the Hudson River estuary, as discussed in paragraphs 4.23 through 
4.26 of the DES, is indeed small when compared to 13,000 cfs, the 
average annual flow of the river at Green Island. However, the mean 
daily flow at Green Island drops to approximately 5,000 cfs during 
August in normal years and dropped to less than 3,000 cfs in August 
during the drought years of 1962-1964. Since Bowline Point is in an 
area of salt wedge dominance and draws brackish water most of the 
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time, it is not expected to affect the movement of the salt wedge. 
However, the Rose.ton Plant may exert a greater influence, since it 
is further upstream. In addition, consideration should be given to 
the three proposed upstreaa stations, Greene County, Mid-Hudson, and 
Stuyvesant as well as to water withdrawn from the river by several 
municipalities, including the City of Poughkeepsie. 

Respon~e 

As indicated in paragraph 4.24 of the DES, the District's es
timate of the total loss of water due to the operation of existing 
power plants is considered to be an upper or conservative value. 
Further, flows gaged at Green Island represent the major portion but 
not the entire flow of freshwater into the Hudson River downstream of 
its confluence with the Mohawk River (paragraphs 2.25 through 2.28) 

For these reasons, the estimated evaporative consumption of 70 
cubic feet per second compared to an annual average flow of 13,000 
cubic feet per second gaged at Green Island is expected to have a 
negligible effect in terms of the systematic, year-round movement of 
the salt wedge in the estuary. During years of normal or above nor
mal flow, the salt front reaches the Bowline Point, Lovett and Indian 
Point stations at approxiaately mile point 40 in summer and fall, but 
does not reach the Roseton and Danskammer stations at approximately 
mile pOint 60 (paragraph 2.31 of the DES). During periods of abnor
mally low flow, the salt front moves to the Roseton and Danskammer 
stations and beyond, reaching as far as Hyde Park at approximately 
mile point 80 in the drought year of 1964. Thus, in normal years, 
an evaporative loss of freshwater amounting to 20 cubic feet per 
second due to the operation of the Roseton and Danskammer stations 
(paragraph 4.24 of the DES) might be coatpared to a flow of 5,000 
cubic feet per second gaged at Green Island. In years of very 
low flow or severe drought, practically all of the estimated total 
evaporative loss of 70 cubic feet per second would be from brackish 
water. It is conceivable, however, that in intermediate situations 
the loss of 20 cubic feet of freshwater per second in the vicinity 
of the Roseton station could give rise to slight perturbations in the 
movement of the salt front. 

With respect to possible future power plants on the river, the 
District recognizes that there would be a limit to the additional 
waste heat that could be accomodated without appreciably affecting 
the movement of the salt front or other hydrologic characteristics of 
the river or substantially depleting the freshwater resource (para
graph 4.26 of the DES). When this limit would be reached is unknown. 
Similarly, estimates of total withdrawals of water from the Hudson 
River by municipalities and industry is presently unknown. Regard
less of whether or not these withdrawals have an appreciable effect 
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on the movement of the salt front, it is clear that the added con
sumption of water caused by the operation of the power plants would 
make a small cumulative contribution to this effect for the reasons 
detailed above. 

Comment l3a-16 

Total settleable particulate deposition is presented on an 
annual basis in sections 4.49 through 4.72 of the DES. To be compar
able with New York Ambient Air Quality Standards, monthly settleable 
particulate deposition should be presented. 

Response 

Reference is made in this comment to an extensive portion of the 
DES and it is difficult to pinpoint the specific instances in which 
annually-averaged deposition rates for settleable particulates are 
quoted in place of more useful values derived from averages taken 
over shorter intervals of time. 

Comment 13a-17 

Maximum predicted deposition for salt alone should have been 
presented for the critical months of July, August and September when 
river salinity is highest. 

Response 

A more extensive and detailed analysis of sslt drift and the 
attendant deposition of salt is given in the PES. MOnthly values of 
the deposition are given in the expanded analysis. 

Comment 13a-18 

It is stated in section 4.53 of the DES that merging of the 
cooling tower and stack plumes would occur frequently but no specific 
details of the orientations of the stack and proposed cooling towers 
with respect to the prevailing wind directions are given. Conflict
ing reports from plants with operating cooling towers exist with re
spect to increased acidity of rainfall or drift. While the authors 
do not expect this effect "to be appreciable," perhaps the degree of 
impact can be further refined. 

Response 

As stated in section 4.53 of the DES, knowledge of the physical 
and chemical phenomena leading to the formation of acidic mists in 
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merged pluaes is incoaplete. There are, at present, no means of pre
dicting either the frequency at which the pluaes might interact or 
the extent and severity of the impacts associated with these inter
actions. Such potential effects are not expected to be appreciable 
in view of the paucity of evidence pointing to significant problems 
at fossil-fueled power plants equipped with evaporative cooling 
towers. 

Co_nt 13a-19 

The phenomenoa of salt draft is treated in Sections 4.64 and 
4.65 of the DES as a temporary condition that occurs only intermit
tently. Although the concentration of salt will vary, t~e exposure 
will be continual. Rain _y provide SOlIe relief by rinsing the veg
etation from external salt deposits. A 30 to 40 year ex~sure to 
salt-laden air may cause pel'llllnent changes in the vegetation. The 
final ElS should reflect this condition. 

Response 

An expanded analysis of salt drift and deposition is included in 
the PES. 

Comment 13a-20 

Maps of the Bowline Point and Roseton areas, with isoplethes to 
indicate salt concentrations and deposition rates, would assist in 
understanding how the analysis of salt drifts relates to the site. A 
map that translates the amount of salt deposition to the degree of 

. expected damage to susceptable plant species would be helpful in as
sessing the adverse environmental impact of salt drift on vegetation. 

Response 

To the greatest extent possible, these suggestions are incorpo
rated in the expanded analysis of salt drift presented in the PES. 

C01IID8nt 13a-21 

l.equirellents to replace spect.ens injured by salt drift (see 
page 4-47, paragraphs 4.81-4.85 of the DES) or plans for rinsing 
deposited salt off susceptible foliage should be discussed in the 
Final ElS. 

Response 

Replacement of injured species has been discussed for Comaent 
1-2. Rinsing deposited salt is theoretically possible but probably 
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impractical since deposition on each plant would have to be con
tinually monitored to determine when the no-visible-effect level 
would be attained. 

COllDlent 13a-22 

It asy be more significant to analyze the impact of the Bowline 
and Roseton stations in relation to other Hudson River generating 
stations in the region. While the DES reviews such work, it draws 
no conclusions. The statement should note whether a course of action 
for Bowline Point and R08eton should be determined by analyzing the 
impact of each station iD4ividually or a comparison of all generating 
facilities within the region. It should also note whether an indi
vidual species analysis, as is presented for striped bass, 'is impor
tant in the analysis of impact. As this section stands, it is only a 
summary of lite~ature, not a statement of analysis. 

Response 

The determination of a course of action concerning the Bowline 
and Roseton Generating S~ations will be made based on impacts due to 
each station individually as well as the combined impacts of all 
power stations operating on the Hudson River. An environmental im
pact statement is an environmental disclosure document, the purpose 
of which is to contribute environmental information to the decision 
asking process. An impact statement is not the decision docUlllent 
i Uelf • Corps regulations specifically require that a course of 
action regarding permit applications cannot be announced until at 
least 30 days after release of the final environmental impact state
ment. The District disagrees with the statement that the DES is not 
an analysis of impacts. 

Comment 13a-23 

The section of the DES beginning on page 4-47, paragraphs 
4.81-4.85 has a inadequate description of salt drift impacts. The 
air quality section (pp. 4-27 through 4-31) is not explicit in its 
estiastion of the likelihood and location of salt deposition. An 
analysis of the expected impacts is not given in either section. 
Three susceptible species are listed; of these, flowering dogwood, 
is a protected native plant. 

Response 

The DEIS discussions have been replaced with the only reliable 
information available concerning salt drift effects (see paragraphs 
4.102). Flowering dogwood probably would not be visibly, acutely 
affected during a drought such as 1964-5. 
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COIIIent l3a-24 

Mitigation measures for foliage injured by salt drift are not 
discussed in the section of the DES beginning on page 4-47, para
graphs 4.81-4.85. The following issues should be addressed in the 
Final EIS: 

• replaceaent costs for injured plants, 

• agent responsible for plant replacement, and 

• long-term impacts to vegetation. 

Response 

Since the potential effects of salt drift to plants can be as
sessed for only 11 species, an estimate of replacement costs would 
not be reliable. The designation of parties responsible for envi
ronmental damage costs is not a function of an environmental impact 
state. Long-term drift imapcts to vegetat'ion are not known. (see 
paragraph 4. ). 

Comment 13a-25 

On page 4-49, paragraph 4.88 of the DES, the statement summa
rizes that the cumulative impact on upland ecosystem from salt drift 
will be similar _ong the various Hudson River power plants. Fur
thermore, the statement indicates that, "the overall land area de
voted to power plants would ~a a small percentage ot the total land 
area of the Hudson River Valley." The authors oversimplify the 
situation. 

Response 

The DEIS discussion on page 4-47 has been deleted since 
cumulative salt drift impacts cannot be properly assessed due to a 
lack of sufficient information. 

Comment l3a-26 

Since impingement losses at Bowline are greatest between October 
and April, and coincide with the lowest thermal loads on the river, 
perhaps a scheme of reduced pumping would alleviate impingement 
losses. The statement does not seem to try and correlate the dif
ferent impacts with respect to season or overall thermal conditions 
in the river. 



"H' , 

Response 

Probleu a.sociated with this alternative are discussed in Chap
ter 6 of the PES be.tnning at paragraph 6.69 • 

Co_ent 13a-27 

In the DES, paragraph 4.116, entitled Pis~ Impingement, the 
analyses relies heavily on impact to striped bass. An atteapt to 
better assess the adverse impacts on other species should be made • • 
Response 

The Bowline fish impingement section has been rewritten for the 
PES. The revised section disCUSBes impacts to other species of fish • 
including white perch, blueback herring, rainbow smelt, alewife, bay 
anchovy, and Atlatttic t~mcod. 

C01lUllent 13a-28 

The alternatives to the pre.ent once-through cooling system 
are not preBented in any detail. Natural draft cooling towers are 
described but a detailed -comparison of relative impacts is lacking. 
The individual and cumulative effects of, for example, increased 
icing and fogging, increased and mortality, evaporative losses on 
river flow regime aDd blowdOh discharges are not compared to the 
adverse impacts of once-through cooling. The alternatives to nat
ural draft cooling towers are presented cursorily and, seemingly, 
without seriousnes~. 

Response 

As indicated in paragraph 1.61 of the DES, 'the U.S. Environ
mental Protection Agency is requiring, through the prOvisions of the 
National Pollutant Discharge Elimination Systea (HPDES) programs, 
that closed cycle-cooling systeas be backfitted to the Bowline Point 
and to the other eligible power plants on the Hudson River. These 
requirements are being contest by the utility cOmpanies involved lInd 
an adjudicatory hearing on the matter is currently in progress before 
the Environmental Protection Agency. Decisions on whether and at 
which facilities closed-cycle cooling systems will be required, will 
be made by the Environmental Protection Agency. 

Accordingly, the District has assessed the impacts associated 
with the BoWline Point aDd Roseton stations operating both with open
cycle and closed-cycle cooling systems as well as the cumulative im
pacts of closed-cycle cooling systems at all of the eligible plants 
on the Hudson River. This situation would prevail in the long terDe 
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if the Enviroamental Protection Agency's present requirements ulti
mately remain in effect and if the District maintains its present 
pel'lllits and coDditiou relating to the subject power plants. A 
number of closed cycle cooling alternatives are considered in this 
context (parasraphs 6.10 through 6.64 of the DES) since decisions on 
the specific type of cooling syst~ .to be installed at each of the 
eligible power plants have not been made to date. The objective of 
this portion of the District's analyeis is to eaaeompass the range of 
possible iBpacts associated with closed-cycle cooling and to focus on 
the pertinent characteristics of each alternative system that appears 
practical. In this .anner, the District has considered the outcome 
of some of the alternative options relating to the continued opera
tion of the Bowline Point and Roseton generating stations. 

There is no intent on the part of the District to provide a 
detailed analysiS on which to base the choice of a particular type 
of, closed-cycle coolina system as beat suited for the Bowline Point 
Station. Such an analyais would require information that haa not 
been developed to date. Orange and RocklaDd has identified natural 
draft evaporative cooling towers as the preferred closed-cycle cool
ing alternative and have prepared technical design documents for a 
proposed syete. (Orange and Rockland, 1974a; 1977). 

On the basis of this design, the District has made estimates of 
the enviromaental itlpacta that l18y be expected to result from the 
installation of a natural draft cooling system as well as comparisons 
of these impacts with the impacts associated with practical alterna
tive systems (Chapters 4 and 6 of the DES and PES). Underlying this 
assessment and comparative analysis are general considerations and 
findings reported in the literature, generally applicable rules of 
thumb aDd parallels drawn, wherever appropriate, from an analysis 
related to coolina alternatives at Unit 2 of the Indian Point station 
(U.S. Nuclear Regulatory ComDdssion, 1976). It'may be anticipated 
that more detailed analyses on alternative cooling systems and their 
environmental impacts will be submitted by Orange and Rockland to the 
District when the company submits an application for the permita nec
essary to construct a closed-cycle cooling system. An environmental 
assessment of the various alternati98s would be made at that time. 

COllllUnt 13a-29 

A comparison of the icing and fogging of the cooling tower 
alternatives in the Bowline Point vicinity should be added to par_
graphs 6.24 through 6.26 of the DES. 
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B.eaponae 
o!!t 

Paraaraphe 6.24 throuah 6.25 of· tJle DIS deal with the ablos
pherte effects ueoe1ated with evaporative .terlal '-"t ~ c:ool1na 
towers. Inforution i.'liven in then 'JNlY .. raplla to,·~ the 
District' a f conc!uslon tut fOl81na' .aad :let .. l'Gulti., froll the oper
ation -of ut8raJ,; draft .• versat the, Bowline .oint at'aU.ll11n are not 
expected to pose an, .1l1lifiCallt, proltl ••. 'I.~ the ~.e of··tIedlaiea1 
draft coo11118 tower., 1t:aqbe anticipated that the'l&tao.pberie ef
fects resultt. £rca the"rel.eaae of wanJ:1IOist cairrerl.Jtive1Y elose 
to aroUDd level ~U1.._ .ore: ,rOllOUlleeci. a'a lw1tcatea In parqraphs 
6.37 eDd 6.38 of ·the' .... OIl the' baat •• f opetatiaa' experience 
reported in the Uteratare aDd .an ... l,..ts of·alterutive e1osed
cycle cooling alternative~ for Unit 2 of the Indian Point lenerating 
station (U.S. Nuelear .... iatory CO.m,saion. 1976).; Ir1ght 'friable 
ice ia expectecl'ito fota inth. v1einity of tU'.ool1q,'t01Mra und.r 
certain .. teoroloa!cal cODditiona'·and in .. at i_ta.es; fogling 
and icina .r. expect.d to be.conftnad to cliatanea. of· 1.000 to 2,000 
feK froa the towers. 'lxperieace with .pray CooUD8c fODda ts ere 
lialtad. Dri.ft •• nerated by the spray .... 1 •• 'ia' aulNltaatial and 
an application of; th,ta: II". of eooling a,at. tn Bow-line PoDd would 
require a careful d .. il* to aVoid' crjaUDsa probl. i. theresiden
tia1 neighborhood a close to the power plant. As indicated in para
graph 6.42 of the ml, the DUtrlct .attutes 'oli the Mets >of avail
able infol'll8tlon that a buffer zone of 1,000 to 1,500 feet would be 
needed to confiae fOiging aDd drift froil the a pray coo 11 ng aIOClu1es 
to the site. 

Ca.ent 13a-30 

The coo1inl pond altenaattv. (pal'aaraphs 6.40 thrckaa.h 6.42 of 
the DIS ia routinely .utiOlled aDd disussad without all' asplllutton 
of why this alternative·is not feaai'l •• A more detat1ed discussion 
of this and other a1ternatifts should be included. 

B.e a pons e 

A coolillgpond at the Bowline Point generating sCation is con
sidered impractical because of the inordinate land requirements, 
estimated to by 750 acres (paragraph 6.40 of the DIS). :'Tb1. require
ment could be reduced by a fac·tor of approxi .. te1y 2Q. by the intro
duction of spra, aJdulaaeo ,that: the ext.ting 1OW11n • .FO~ eou1d, in 
principle, ser.. .. a ClOHct-d,cle· cool1ngaysteil (,erasraph 6.42). 
However. the several factors discussed in paragrapha 6.41 and 6.42 
of the DES must be considered in greater detail before a final judge
ment can be made as to the practicality or advisability of installing 
spray modules in the Bowline Point. 
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As indicated in response to a previous comment, all of the alter
natives discussed in the DES are considered on the basis of available 
information and in detail deeaed sufficient in relation to the Di~
trict's responsibilities under the National Environmental Policy Act. 

Ca..eut l3a-3l 

The proposed"rescheduling of plant operation, discussed in para
graphs 6.48 through 6.57 of the DES, seems to be a legitimate pro
posal, regardless of the ultimate decision (regarding the need for a 
closed-cycle cooling system). The plant could be scheduled, in syn
chrony with others, so that entrainment and impingement losses are 
diminished during the construction of cooling tower, cooling pond, or 
other structural modifications which .. y be mandated. This concept 
has value and should be pursued during the interim period of con
struction. However, this alternative is ,presented superficially and 
without an asses .. ent of its iapact on feasibility. 

Response 

Various restrictions that might be imposed on the operation of 
the Bowline Point generating station are discussed in broad terms 
in paragraphs 6.48 through 6.57 of the DES. For reasons mentioned 
throughout this section, it is impossible without further analysis 
and information to deteraine the potential effectiveness of these 
restrictions with respect to the aquatic ecosystem of the Hudson 
River. As indicated in the DES, a modified schedule of operation of 
the Bowline Point station, possibly as part of a comprehensive man
agement program within the New York Power Pool (paragraphs 6.61 and 
6.62 of the DES) or in combination with other protective measures, 
may be an alternative to closed-cycle cooling that is deemed accept
able by the U.S. Environmental Protection Agency. If this is not the 
case, restrictions on the operation of the power plant may prove to 
be sufficiently attractive to warrant the imposition of such restric
tions while a closed-cycle cooling system is under construction, or 
indeed, in operation. Careful consideration will be given by the 
District to the possibility of improving conditions related to the 
operation of the power plant at the time an application is made by 
Orange and Rockland to secure the permits necessary to construct a 
closed-cycle cooling system a~ the Bowline Point station. 

Comment l3a-32 

A variety of modifications to the intake structure are mentioned 
but not analyzed in paragraphs 6.58 through 6.60 of the DES. It is 
difficult to review these proposals without a description of the 
possible effects in minimizing losses or the feasibility of construc
tion. 
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Response 

An expanded section Oil, pos8ible 11IpYovements to the power plant 
intake structure i. provided in the PBS. Included in this discussion 
are several lIOdifications that are considered to be technically fea
sible and projections that can soundly be made regardi11g their poten
tial effectiveness. As stated in the DES, the District regards these 
modifications 'as alternatives to closed cycl~cooling, anyone of 
which may prove to be acceptable to the U.S. Environmental Protection 
Alency. 

Comaent 13a-33 

The above proposals in Bect'ion 6 aay be valuable and realistic 
altemativ.to once-through CCJbcliria or coolilll towers. Yet, no 
in-depth analysis appean in the II!!S. 'lbe ultimate decision for 
the cool1q systea at BovlinePbint IlUst consider these alternatives. 
The incorporation of these methods may preclude the necessity of a 
cooling tower; thus, iapingement and entrainment losses will be re
duced without introduciq folair damage frO. salt drift, increasing 
icing and fogging, noi .. pollutiOn, aesthetic degtedation, and addi
tion consumptive water use which are coincident with cooling towers. 

Response 

Responses to Previous comments elucidate the context in which 
the District has analyzed the possible alternatives to closed-cycle 
cooling. 

C01IIIlent 13a-34 

In a letter referred to on page B-5 of Ap~ndix 8-1, the Army 
Corps of Engineers rec:oaaended that Bowline Point Generating Station 
"be placed on a last-on, first-off method of operation toainimize 
the use of the plant during spawaing seasons of striped bass." 'lbe 
authors should repeat this recommendation in its section on alterna
tives to cooling towers, instead of burying it in an appendix. 

Response 

The "last-on-first-off" mode of operation is described in para
graph 6.55 of the DES and considered together with other operation.al 
restrictions in paragraphs 6.48 through 6.57 of the DES. 

Comment 13a-35 

The comparison of capability losses and costs of two different 
cooling towers done by the utility is found in an appendix. Such a 
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discussion should appear in Section 6, the section which deals with 
alternative actions, with a comment from the authors in regard to the 
realiability o( such figures. This valuable information should not 
appear only as a reference in an appendix. 

I.esponse 

An analysis of the monetary costs associated with a natural 
draft evaporative cooling system for the Bowline Point station is 
given in paragraphs 6.29 through 6.32 of tire DES. Under present 
conditions of high energy costs, differences in the overall econom
ics of natural and aechanical draft systeas are expected to be mar
ginal or slightly in favor of the natural draft systems. Differences 
in the loss of capability are small and result from an optimization 
in balancing capital costs against operation and maintenance costs. 

STATE OF NEW YORK, METROPOLITAN Tl.ANSPatTATION AUTHORITY 

Comment 15-1 

The Draft EnviroDMntal Statement appears to support the use 
of cooling towers as part of the condensor system. We would like to 
point out that there is considerable controversy about the overall 
effectiveness of such to~rs in reducing environmental impacts. In 
addition, there is no doubt that the energy efficiency of the power 
plant will be reduced by the use of the towers. 

Response 

The impact of salt drift from cooling towers at Bowline and 
Roseton is discussed in the FES beginning at pa~agraph 4.85 • The 
effect of cooling towers on power plant efficiency is discussed be
ginning at paragraph 6.18 

CENTRAL HUDSON GAS AND ELECTRIC CORPORATION 

Comment Letter 16 

In this letter it is stated that: " 

• the Corps cannot alter the pel'lllit as presently in 
effect. 

• the Draft Environmental Impact Statement exceeds the terms of 
the Consent Decree as it relates to the Roseton Generating 
Station. 
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Response 

To the extent that the comments question the Corps I respon
sibility to prepare the EIS, the Final Order issued by the court 
mandates that the Final EIS be filed by a date certain. During the 
course of the litigation, arguments were made that the Corps should 
not be required to complete the EIS in view of the pendency of the 
EPA adjudicatory hearings. Notwithstanding, the Corp. was ordered to 
proceed with and complete the filing of the Pinal EIS. To the extent 
that the comments suggest limiting the scope of the EIS, they are 
clearly inappropriate to current regulation and policy, which require 
the EIS to iD4lude a sufficiently broad discussion of connected 
actions, cumulati~e actions and similar actions. The discussion of 
alternatives should address the no-action alternative, other reason
able courses of actions and mitigation measures as well as impacts 
that may be direct, indirect or cumulative. 

CONSOLIDATED EDISON COMPANY OF NEW YORK, INC. 

Comment 17-1 

In the Draft Environmental Statement (DES) for Bowline, the 
Corps has considered four alternative actions, but has not yet 
selected one of them. We urge that the first contention of the 
present permit, be adopted. Selection of this option would 
essentially preserve two of the other options as well, since it 
recognizes that a final determination with respect to cooling 
systems, plant intakes, and operations of the Hudson River power 
plants will result from the current proceedings pursuant to the 
Federal Water Pollution Control Act (FWPCA). 

Response 

This comment relates to the ultimate action which may be taken 
by the Corps with respect'to modification of the existing permit, 
and not to the preparation of the EIS. As such, the comment is 
noted. 

Comment 17-2 

Clearly, the Corps should avoid duplication of effort and leave 
to the agency authorized by the FWPCA the task of setting limitations 
applicable to the cooling water systems of the power plants in ques
tion. That agency will have'the opportunity to consider and evaluate 
the volumninous record of ecological studies and analyses being pro
duced in this case, and reach a reasoned decision on what remedial 
action, if any, need be taken. In adopting final determinations 
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since proceedings pursuant to FWPCA are already underway, with testi
mony having been submitt~d by the utilities in July 1977, and hear
ings scheduled to start on December 6, 1977. Indeed we believe ~hat 
Section 101(f) of FWPCA, if it means anything at all, means that the 
Corps should defer to the FWPCA proceedings in the circumstances of 
the Hudson River power plants. 

Response 

The Corps is preparing the EIS pursuant to a court approved 
schedule. The Icourt, in approving the deadline, was aware of the on
going EPA hearings on closed cycle cooling which were in progress or 
completion of those hearings. The recommendation contained in this 
comment, therefore, is in conflict with the Final Order, which 
imposes on the Corps a time .limit with respect to filing the Final 
EIS. It should be noted that these hearings commended in 1977 and, 
at this point, are open-ended. It further should be noted that the 
EIS has included in its discussion of the alternative of closed cycle 
cooling all information developed to date from the ongoing EPA 
administrative hearings dealing with this $ubject. 

Comment 17-3 

We believe the Corps should defer to the FWPCA proceeding for 
the ultimate determination of the cooling system for Bowline. How
ever, if the Corps intends to act on its own pursuant to NEPA, this 
DES is.an inadequate basis for such action. No analysis of the re
lative costs and benefits of alternative actions, including various 
mitigating measures is presented. The Corps has not presented such 
an analysis, nor has it ~vern summarized the factors that must be 
weighed in this case or attempted a qualitative balancing. 

Response 

The Corps is required to utilize a systematic interdisci
plinary approach which will ensure the integrated use of the natural 
and social sciences in planning and decision making. To this end the 
EIS has included a detailed discussion of the following: 

1. The environmental impact of the proposed action. 

2. Any adverse environmental effects which cannot 
be avoided should the proposal be implemented. 

3. Alternatives to the proposed action. 
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4. The relatiouhip betwee,n .,hort ten. uses of man's en
vironment and the maintenance and enhancement of long term 
productivity. 

5. Any irreversible and irretrievable commitments of resources 
which would be involved in the proposed action should it be 
implemented. 

ORANGE AND ROCKLAND UTILITIES, INC. 

Comment Letter 18 

In this letter, the jurisdiction of Corps of Engineers to compel 
changes in operating conditions of any existing power plants on the 
Hudson River is questioned and that the alternatives available to the 
Corps is limited. 

Response 
. 

To the extent that the comments question the Corps' responsi
bility to prepare the EIS, the Final Order issued by the court 
mandates that the Final EIS be filed by a date certain. During the 
course of the litigation, arguments were made that the Corps should 
not be required to complete the EIS in view of the pendency of the 
EPA adjudicatory hearings. Notwithstanding, the Corps was ordered to 
proceed with and complete the filing of the Final EIS. To the extent 
that the comments suggest limiting the scope of the EIS, they are 
clearly inapposite current regulations and policy, which require the 
EIS to include "a sufficiently broad discussion of connected actions, 
cumulative actions and similar actions. ~The discussion of alter
natives should address the no-action alternative other reasonable 
courses of actions and mitigation measures, as well as impacts that 
may be direct, indirect, or cumulative. 

COMBINED TECHNICAL, COMKBNTS BY: CENTRAL IWDSON GAS AND ELECTRIC 
CORPORATION. CONSOLIDATED EDISON COMPANY OF NEW YORK. INC.. ORANGE 
AND ROCKLAND UTILITIES. INC.. AND THE POWER AUTHORITY OF THE STATE 
OF NEW YORK 

Comment 19-1 

Paragraph 1.07 of the DES does not indicate that the Calspan 
Corporation prepared a Draft Environmental Impact Statement which was 
submitted to the Council on Environmental Quality on August 23. 1974. 
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Response 

A footnote to Paragraph 1.07 of the DES has been revised to show 
that a draft environmental statement relating to the Bowline Point 
Station was prepared and submitted to the Council on Environmental 
Quality on 23 August 1974. 

Comment 19-2 

A clear photograph showing the Bowline Plant and its relation
ship to its surroundings should be used in place of Figure 1-1. 

Response 

Figure 1-1 of the DES has been upgraded to show a clearer photo
graph of the Bowline Point Generating Station. An artist's impres
sion providing an indication of the visual dominance of natural draft 
cooling towers at the Bowline Point Station is shown in Figure 4-14 
of the DES. . 

COIIIDent 19-3 

It is noted that conditions relating to closed-cycle cooling at 
Bowline are being contested in an EPA adjudicatory hearing. 

Response 

A note to this effect has been added to paragraph 1.61. 

COIIIIlent 19-4 

Paragraph 1.61 improperly assumes that Section 326(b) of the 
Federal Water Pollution Control Act automatically requires closed
cycle cooling. 

Response 

Paragraph 1.61 has been revised to clarify the relationship 
between the requirement to backfit closed cycle cooling at certain 
older plants on the Hudson River and the provisions of Section 316(a) 
and (b) of the Federal Water Pollution Control Act Amendment of 1972. 
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Comment 19-5 

Referring to Table 1-4, NRC licenses now call for cessation of 
once-through cooling operation by Kay 1, 1982 for Indian Point Unit 
2 and September 15, 1982 for Indian Point Unit 3. Footnote 2 erro
neously states the utility's present share of the Roseton Plant's 
capabili ty. 

Response 

The information contained in Table 1-4 of the DES is taken 
principally from the New York Power Pool's annual report published 
in 1976 (New York Power Pool, 1976). Later editions of the report 
indicate that certain specific details no longer apply. Table 1-4 
has been updated on the basis of information given in the Power 
Pool's report published in 1979 (New York Power Pool, 1979). 

Coament 19-6 

The discussion in Chapter 1 of the DES on other major projects 
on the lower Hudson River should examine more recent reports provid
ing details of the overall planning in the area. 

Response 

Much of the information underlying the positions of the DES 
dealing with the characteristics of power plants on the Hudson River 
is taken from the New York Power Pool's annual report published in 
1976 (new York Power Pool, 1976), the latest edition of the report 
available during the preparation of the DES. Changes in the long 
range plans of the member electric systems of ~he Power Pool have 
been made and reported in subsequent editions of the report. Where 
these changes bear on matters addressed specifically in comments on 
the DES or could materially affect the analysis contained on the 
DES, updated information is provided in FES. Among the sources of 
this information is the Power Pool's report published in 1979 (New 
York Power Pool, 1979), the latest edition presently available. 

Comment 19-7 

A number of corrections were provided by the Commenter con
cerning the capacity and other characteristics of present or planned 
power plants. 
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Response 

The suggested aaendments have been made wherever appropriate. 

Comment 19-8 

The Hudson River is a partially-mixed estuar~ rather than the 
well-mixed estuary referred to in Paragraph 2.29 of the DES. 

Response 

Appropriate changes have been made in the text of the DES. 

Comment 19-9 

In paragraph 2.31, a definition of "normal" lower Hudson River 
freshwater flow should be provided. 

Response 

Appropriate amendments have been made in the text of the DES. 

Coument 19-10 

The utilities disagree with the statement in Paragraph 2.38 of 
the DES that the artificial thermal load imposed on the Hudson River 
raises the temperature of the receiving waters appreciably. The 
increase is not biologically significant relative to natural temper
ature fluctuations. 

Response 

Appropriate amendments have been made to the text of the DES. 

Coument 19-11 

The predominant animal list in the section in Chapter 2 on 
Upland Ecosystems in the DES should include the ruffed grouse, red 
fox, and gray fox. The quail should probably be eliminated from the 
group. 
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Response 

The text beginning at paragraph 2.54 has been changed to reflect 
this comment. 

Comment 19-12 

Any species data collected ~ the R.Y.S. Department of Environ
mental Conservation in 1972 (see DES paragraph 2.57) should be pre
sented here since the composition of the marsh might have changed 
between 1951 and 1972. 

Response 

Comment noted. 

Comment 19-13 

Figure 2-13 of the DES, Simplified Aquatic Food Web near Bowline 
Point, is somewhat misleading in that detritus also contributes to 
the base of the food web, along with primary producers. 

Response 

Modifications have been made to Figure 2-13 to show energy flow 
from detritus to the food web through bacteria. 

Comment 19-14 

Contrary to the statement made in DES paragraph 2.63, zoo
plankton concentrations were found to be highest in the Kingston 
area, not in the low to mid-salinity portions of the estuary. 

Response 

Paragraph 2. 650f the PES has been chanaged to include this 
information. 

Comment 19-15 

As stated in Paragraph 2.64 of the DES, copepods are certainly 
a dominant zooplankton species in the Hudson River estuary. However, 
unless copepod nauplii are included in this statement, other forms 
such as rotifers may predominate. (Orange and Rockland, 1977; Section 
7.1.3.1. 1). 
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Response 
I 

Under the assumption that to "predominate" is defined as domi
nance of numbers, then it is true that the recent study by Orange 
and Rockland (1977) shows that rotifers may at times predominate 
over copepods (exclusive of copepod nauplii). The text of Paragraph 
2.64 in the FES has been changed accordingly. 

Comment 19-16 

Pertaining to Paragraph 2.66 of the DES, vertical migration pat
terns have been clearly demonstrated in "macrozooplankton forms in the 
Hudson River, but this statement is questionable for most microzoo
plankton. 

Response 

The text of paragraph 2.66 of the FES has been revised to 
reflect this comment. 

Comment 19-17 

Pertaining to Paragraph 2.69 of the DES, evaluation of data 
subsequent to earlier reports has shown that the benthic community 
structure in the Bowline vicinity is not stable, but rather subject 
to yearly as well as seasonal variation. (Orange and Rockland, 1977; 
Section 8.1.3.3.1.1, p. 8.1.-102). 

Oftentimes, the 60minant organism is Amnicola rather than 
annelid worms. (Orange and Rockland, 1977a; Se~tion 8.1.3.3.1.1, 
p. 8. 1-118) • 

Response 

The text of Paragraph 2.93 of the FES has been revised to 
reflect this comment. 

Comment 19-18 

The statement made in Paragraph 2.69 and 2.70 of the DES that 
the amphipod G .... rus is the dominant fish food in the Hudson River 
estuary is not necessarily true. Food preference or consumption 
depends on species, size, and season as demonstrated in Orange and 
Rockland, 1977; p. 10.1-125 for white perch, p. 10.1-157 for striped 
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bass and p. 10.1-202 for Atlantic tomcod. Copepods and dipterans 
dominate the stomach contents during certain ~easons. 

Response 

The text of Paragraph 2.72 of the FES hal been reviled to 
reflect this comment. 

Comment 19-19 

The bay anchovy spawns not only in mid-salinity regions of the 
Hudson, but also in saline waters along the Atlantic coast (Paralraph 
2.74 of the DES). 

Response 

The text of paragraph 2. 74 of the FEIS has been revised to 
reflect this comment. 

Comment 19-20 

The evidence is that the larvae of fish are not simply carried 
downstream after hatching as suggested in paragraph 2.75 of the DES. 
The true phenomenon is much more complex than simple transport by 
currents. 

Response 

The text of Paragraph 2.75 of the FES has been revised to 
reflect this comment. 

Comment 19-21 

Striped bass have been omitted from the discussion of the lower 
I Hudson River fishery in Paragraph 2.77 of the DES. 

Response 

Striped bass have been added to the discussion of the lower 
river fishery in Paragraph 2. 77 of the FES. 
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Coament 19-22 

The stateaent: "Sport fishing is also an important use of the 
Hudson River's fishery resource," in Paragraph 2.79 of the DES is 
unsupportable; the implication that the Hudson River is the major 
contributor to sport fishing in the North Atlantic and New England 
Regions is incorrect. Estimates of contribution of Hudson River 
striped bass to Long Island Sound and the mid-Atlantic fishery are 
provided in McFadden (1977) at Section 7.10.7. 

Response 

Paragraph 2. 79 has been modified in accordance with this com
ment. Although the Hudson River is not "the major contributor" to 
striped bass standing stock in the North Atlantic, the Hudson may 
provide spawning and nursery grounds for a substantial portion (up 
to 30 percent) of the fishery. Data cited in McFadden (1977) also 
shows that Hudson River stock composes the majority of sub-legal 
size striped bass collected in the vicinit of western Long Island. 

Further s tudi es are requi red to de fi n a_d_e_·_a_t_e_--h-e-c-o-n-t-r-i-b-u-t-i-o-n---_~ V ~ IJ of Hudson River striped bass stock to e At c Coast population. = ~~ 

CoDlllent 19-23 

In reference to Paragraph 2.82 of the DES, the flowering dog
wood is a protected species of plant in New York State. It is 
illegal to disturb this species in its natural environment. As a 
result of operation of a natural draft cooling tower, the dogwoods 
may be damaged by salt drift. 

Response 

This comment is addressed in a revised section on cooling tower 
drift and salt deposition beginning at Paragraph 4.85 of the FES. 

C01IIDent 19-24 

Table 2-10 of the DES (Endangered, Extirpated, and Extinct Wild
life of New York State) should be confined to species which have been 
found or are likely to use the Hudson Valley. As it is, it gives the 
impression that many species could possibly be affected by develop
ment along the Hudson. 
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Itesponse 

Paragraph 2.80 of the PES, Endangered or Threatened Species, 
states that of the ani .. ls legally considered threatened or endan
gered in the State of Mew York, the Atlantic sturgeon and shortnose 
sturgeon are MOst likely to be affected by the power plant. 

COIIIIlent 19-25 

A more detailed discussion of the aquatic ecosystems in the 
Bowline and ltoseton vicinities than presented in Paragraphs 2.86 
to 2.109 of the DES may be found in Orange and ltockland (1977a) 
and Central Hudson (1971a) Section 6.1, 7.1, 8.1, 9 •. 1, and 10.1. 

Itesponse 

The description of aquatic ecosystems given in Chapter 2 has 
been modified and expanded as appropriate. 

Co_ent 19-26 

In addition to the effects of salinity changes mentioned in 
Paragraph 2.90 of the DES, seasonal succession of microzooplankton 
species is also linked to temperature and possibly to nutrients. 
Even if salinity were held constant, a seasonal pattern of species 
would occur. 

Itesponse 

'!be text of Paragraph 2. 90 of the FES has, been revised to 
reflect this comment. 

COIIIIlent 19-27 

The definition of a "major consWller" of Hudson Itiver water in 
Paragraph 3.21 of the DES should be clarified. Simply heating water 
does not consume it. 

Itesponse 

As discussed in paragraph 4.23 of the DES, the rejection of 
waste heat from a power plant operating with open-cycle cooling 
promotes evaporation at a rate greater than would naturally prevail 
and effectively constitutes a consumptive use of water. In the case 
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of the existing powe·r plants on the Hudson River Estuary, this con
sumption is estimated to be of the order of 70 cubic feet per second, 
or 50 II1llion gallons per day, on the basis of a rule of thumb pro
vided by the U.S. Environmental Protection Agency (paragraph 4.24). 
An aggregate consumption of such magnitude is sufficient to support 
the statement that the power plants are major users of water. 

CODIIlent 19-28 

Contrary to Paragraph 4.03 of the DES, it is unlikely that the 
Bowline Plant affects the flow regime of the estuary. All data 
indicate that its influence is not felt even over one-quarter of the 
river width. 

Response 

Paragraph 4.03 of the DES is an introductory statement listing 
the potential effects that the continued operation of the Bowline 
Point Generating Station might exert on the physical resources of 
the Hudson River Estuary. Each of these potential effects is treated 
as a cause of concern and is examined in subsequent portions of the 
DES. With respect to alteration in the flow regime of the estuaryg 
the statement is made in Paragraph 4.26 of the DES that the effects 
associated with the rejection of waste heat from all of the existing 
power plants on the Hudson River are considered to be negligible. 

~ 

COIIIIIlent 19-29 

Not all proposed plants were included in the thermal model, nor 
should they be. (See comments on paragraph 4.1~, below.) 

Response 

'!be cCllJllent includes the required response. 

COlllllent 19-30 

The near-field analyses have included recirculation considera
tions. (See McFadden, 1977, at Section 8.3.3 and Orange and 
Rockland, 1977a, at Section 3.1.3.3.3.) 

Response 

Thermal impact of 
Hudson River cannot be 

the multiple-power-plant-operation on the 
baSed~n a near-field analysis which includes 
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only a simplistic oDDulation of the recirculation effect. Consider
ing the t ominated flow conditions in the estuary, and the prox
imity of ttie locations of the major power plants, the thermal impact 
of the multiple-power-plants oper4tion on the receiving waterbody of 
the estuary depends on (1) reentrainment, (2) recirculation, and 
(3) thermal int • ng the different power plants. Detailed 

"' .... ....-ntr these impor ant effects are presented . of 
c. 3.5.1) ~n also in Appendix E of the IS Sect. 2.1). 

sim correct fODDulation of the re 
recirculat10n effects~ under reversing flow cqndit10ns, 1S presented 
rn Assessment of Technique, for hydrothermal prediction, by G. H. 
Jirka, G. Abraham and D. R. F. Harlemann (Sec. 8.3), Report No. 203, 
Ralph M. Parsons Laboratory for Water Resources and Hydrodynamics, 
MIT, July 1975. 

C01lDDent 19-31 

The statement is made that natural conditions cannot be ascer
tained from field measurements. A good estimate of natural condi
tions can be made from measurements. The important question is how 
precise need the estimate be for impact assessment. 

Response 

The statement in Appendix E of the DEIS, "The situation in the 
Hudson River is such that the zones of thermal influence of the 
existing power plants overlap, making it impossible to ascertain 
through measurements alone the degree to which natural conditions are 
altered by each individual plant," is correct. The statement of the 
comment "a good estimate of natural conditions can be made from 
measurements" is wrong as long as power plants continue to operate 
during the measurements. The natural thermal conditions (ambient 
conditions), consistent with the statement of the state thermal 
standards as "before the addition of heat of artificial origin, II can 
be determined based on field-measured water temperature data only if 
all the plants are shut down for a sufficiently long time period 
(more than a month). The statement of the comment "the important 
questions is how precise need the estimate be for impact assessment" 
rs-lmmaterial and indicates a lack of understandin of the h drother-
ma henomena which control the t t i le- ower-
p ant-operation on t e u son River. 

Coament 19-32 

Statistical analysis of the theDDaI field study results used to 
obtain the 2 to 6 dilution indicate that the frequency of occurrence 
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of acess surface t_per.tures of 7.5 is less than 1 percent aDel tbat 
50 percent of the tille. the· ux1aua acess surface t_per.ture of the 
t1ae. the aaxta .. ncess surface t_perature is about 4·F. Further, 
altbou&h dilution ratios of 6 to 9 were computed by the OINL Hodel 
(Table 3.3.1. Appendix E), these values were not used here to assess 
the ther.al effects • 

.. spoue 

The results obtained in Sect. 3.3.1, Appendix E are strictly for 
the • ... r-Field Aaalys1a of Therul D1acbar,es" as iadicated in the 
title of the section. The r .. ults based on the dilution ratios 2 - 6 
CanDOt be utili... alone to deten1De the thanal iapact of power 
plant operatioll8 OIl the BudllOn ll1ver. since theae .odels do not 
include any of the controll1aa hydrothenal pheaoaeua in the estuary. 
cOll8istiaa of (1) the reeutrain.ent of the heated water at the 
diacbarae(s) of • power plant, (2) the recirculation of the heated 
_ter frca the diac:harae(s) to the intab(s) of a power plant. 
(3) the reentrai_nt of the heated _ter frOil the diacharge(s) of a 
power plant at tbe dlacha'l',e(s) another pcMI8r plant. and (4) the 
recirculation of the be.ted _ter fro. the diacharge(s) of a power 
plaut to the intab(s) of another power plaut. 'lbe iIIlportance of all 
these effects which depend on the tidal flow conditions in the estu
ary, .nd the COll8equeaces of their exclusion in the near-field analy
sis of the discbaraes are clearly discussed on p. 3 - 18, Sec. 3.3.1. 
in Appendix E. It is further indicated tbat the realistic analysis 
of the themal 1apac~ of power p~ant operatioll8 requires a far-field 
analysis which can iDC'liii'1i8 the critically iapofta'llt reentraiaaent and 
recirculation effects of ta.· hat. _ter fro. the aultiple Power 
plauts OIl the 8Uc1801l U .. r. Blmce, the analysis of the themel 
iapact in the DlIS doe. !lOt ufUue c11rectly the results of the near
field analysi. based OIl the dUution ratios 2 - 6 which cannot incor
porate the iaportant effects of reentraiaaent aDd recirculation of 
the heated water. 

eo.aent 19-33 

Althouah a detailed evaluation of the thenal models used in the 
DEIS baa not been conducted. the DEIS fails to address itself to the 
sell8itivity of the aodels. the accuracy and liaits of confidence 
associated with the results and the degree of prototype representa
tiveness. 

An overall r .. iev of the aodel and field study results preH1lted 
in Appendix E indicates that the .odel ('lHP'l'WO) overestimates the 
theDlal iapact in the vicinity of Bowline (2- to 3-P higher) and that 
in ,eneral. the aareaent between the field observations and lIOdel 
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ruu1ta II very poor, coulderi. that 1· to 2-' can uke a larle 
difference in Whether th.r. ia a violation of criteria. 

)leapona. 

1. The far-field _thnatica! 1IOdel and ita aleociated BSTOIII 
computer cod. vere applied to predict .1aultaaeoully 
(a) hydrodya_ic, (b) theraal, and (c) laUnity coaclltioDl 
in the Budlon liver for two 6 - .onth periodl 1 April -
30 Sept .. ber1913,.a'" 1974, without 'chaeatD& any coefficient 
a./or par_tlr til- t'he .... '1. SeMttl.s.ty Itadi.1 .re 
neeaell' oaly if eoeffiet.atl .. .a'or perlMter. of a .,d.l 
n ... · to be calihrated. ft. t1cle1-tr .... i .. 't~ oae-4iMDIioul 
diecr.te-el_nt far-field ._1 i •• cOllpt.t.ly predictive 
.odel which 40 .. not requr ... y _.101' .. lIIitivity atucly. 

"Th. ':dar8C1 alld l1a1ta of coafid.ac. aaeoeiated with the 
r ... 1ta aDd ther·dear .. ' of prototype' r.pr ... nhtiftDe.... ia 
.. If-evicf.nt 'ba .... em the co.peri80D8 01 ita reeu1ta with 
the fie1d __ aaur" ate for the tw. 6 - .eth periods 
1 April - 30 Septeaber 1973 aDd 1974. 

2. '!'be .... ft1 CO'afrontatton between the reaulta of the aathe
_tiea1 .odell', iilc1udlaa 'J.'IIP'ivo, aacl the field __ asure4 
data for the watar taperature cO'Dlltrto.. ill the Hudson 
River, iaclu4iq the .ic1at'ty of Bow11 •• Poiat ,. la, lal'lely 

due to .2~=tie~ !",jeetll":;;- t=1"'9 ~ "Il. oc=-u...= , a~. (2) it; uarit8tla1Jil1t1:Oi ,the ..,ta reduc-
~oa .. thod. tIMId for 0 . .. 1: . and a -

Co .... nt 19-34 

"Iii eJ 0 t 011 .. preaentad i. 
Detaed tRURO. oft_ field" 

included in Sect. 2.~ of the Appendix I of 

The far-field 1IOdel (ESTORE) u.ed in the DEIS has not been 
adequately calibrated or verified. 

I.eae·e 

"The far-field lI04el (ISTOB) used in the DEIS" does 40t require 
calibration. It definitely haa been validated for the Hud80n River .• 
(aee Sect. 2.3, Appendix I of PlIS). 
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ec-ent 19-35 

10 reference ia .. de here to the source of .. teorological data 
and the effects of various aeteorological paraaeters On the .adel 
results, i.e., if in-land meteorological data were used, What would 
be the effecta on river te~rature? Some sensitivity analyses of 
the Mteorological paraeters ought to be presented. 

Response 

The detailed discussiona of the input data to the ESTORB ca.pu
ter code for the Mteorological conditions are presented in Sec. 2.4 
in the RIS. . 

eo..ent 19-36 

In all prediction cases (3, 4, 5, 6, 7 and 8) considered here, 
"proposed I18xiaua themal load" was used. These represent unrealis
tic worst case conditions. The plants did'not, and will not, operate 
at 100 percent capacity for 100 percent of the time. It would be far 
better and more realistic to use the operating rates as given, for 
exe.,le, on Orange and Rockland, 1977a, Section 2.1.3.6. 

Case 3 is a very unlikely condition. Since the river takes 
several days to equilibrate, it is more appropriate to multiply 
maximum load by some plant factor. 

Cases 3, 4, 5 and 8 should be excised from the DEIS as irrele
vant to this study. 

Response 

Power-plant-operation conditions were modified in the supplemen
tary study for Appendix E of the FEIS. 

Coaaent 19-37 

The accuracy of the predi~ted temperature, two decimal places, 
is questionable, particularly in view of the predicted level of 
nonco.,liance with the numerical criteria of IOF (0.4 and 0.3°F for 
Bowline aDd loaeton!DanaklUlUller, respect ively). 

If the OIRL intends to use such accuracy and predict such fine 
point violations, the model must be bounded by confidence limits 
based on sena it ivi ty to input de ta and comparison to field de ta. 
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Reaponse 

The results of the predictioD8 ware pre .. nted accurate to two 
deciul,lac:e. baa" Oil the 'priut" cclllPurir oat put ~ ~dlKU8sions 
of the t1ie1'll81 tapact,acedi'd1:iIa' to tba cOD..fcterat~oU of t~ ~State 
'l'bermal StallcWrd.~ .. a 'dot' baiW on two decfltal p1aee 'aceu.rac1_. In 
the dised,.iti. of ftie tdt, althouah fhe witar t""r~tlir. ,r~te
tiona were india ted With two deci1lal place .~euracy, th •• tolations 

J of the State ther.al standards were discussed only based on appr~-
mately half a dearee accuracy. ' 

eo-ent 19-3S' 

It should be noted that exceeding the 83·' criterion over 50 
percent of the cross-sectional area of the river (Cases 3 and 4) 
assUlled plants operating at 100 percent capacity. 

lleaponae 

CoImIent noted. 

Coa.aent 19-39 

ExperiellCe to date indicates that the' plUM is a surface phe
nmena and thus it is unlikely that cross-section criteria will ever 
be exceeded. 

Response 

lbe stat_nt indicates a lack of understanding of the iaportant 
hydrothel'llal phenoaena which control the far-field thermal tapact of 
.ultiple-power-plant-operation on a tidal-dOll1nated estuary (see 
Sect. 23., Appendix lof the 'lIS). 

COlllllent 19-40 

As indicated in a letter to the Corps of Engineers of October 
13, 1977 ,tbe"near-field aDel and &ODe .. tching pottf~tt. of the ESTOD 
.,del aDd assodated dOC1al8iltatlonhav. not been .. de available to 
the utilities t couultauta. kcordlngly, it .a not po.albl. to 
eX8lline. in any detaU. the inputs to, operation of. anci' predictions 
made by these .odels. 
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I.espo!!! 

"The near-field zone-matchiac portions of the BSTOHB model and 
its associated docu.ntation" does not exist. BSTOn cOilputer code 
which is the 88sociated coaputer code of the tidal-transient, one
d1aensional, discrete-e1_nt far-field math_tical transport model 
was forwarded to the utilities. The remaining documents are being 
prepared as OIIL reports. 

C~nt 19-41 

It appears a dilution ratio of 2 was used in arriving at the 
occurrence of surface t.-peratures in excess of 91°P. Although such 
a low dilution was reported, its occurrence .. y be very rare. Also, 
it is not clear Whether the model includes thermal stratification. 

The BPA reca..endations are irrelevant to these considerations 
and reference to thea is misleading and should be deleted. 

Detailed triaxial theraa1 aeasurements in the vicinity of 
Bowline do not support the stateaent that certain state criteria 
would be exceeded occasionally. 

Pie1d observations do not support the OINL conclusion of the oc
currence of surface teaperaturea and up-river effects have to produce 
surface teaperatures in excess of 83.5 P at Bowline and simultane
ously have the .tniaa. recorded dilution of 2 in order to approach 
surface te8p8ratures in exce.s of 91 P at Bowline. Bxistiac aabient 
temperature _asur_nts and the OINL' s own far-field calculations do 
not support the occurrence of such high temperatures (83.5 P) at Bow
line, particularly considering that the di1utiop must simultaneously 
be low. 

Response 

1. The statement "It appears a dilution ratio of 2 was used in 
arriving at the occurrence of surface temperatures in excess 
of 91°p" is not correct. The tidal-transient, two
dt.enaiona1 model does not use siaplistic formulations based 
on any form of dilution ratio which automatically excludes 
the critically important reentrainment and recirculation 
effects in the estuary. The two-diaensional aode1 uses com
plete flow fields based on the near-field and far field 
zone-matched hydrodynaaic cOnditiODS. which include (a) the 
far-field freshwater flow and tidal flow conditions, and 
(b) the near-field intake and discharge flow condi tiODS. 
Bence, the effects of reentrainaent and recirculation are 
autoaatica11y included. 
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The .odel approximately includes thermal stratification. 

2. The IPA reca.aeDdations vere deleted. 

3. "Detailed triuialtheraal _asur_nts in the vicinity of 
Bowline" vere not available for the anal,.is. 

4. AppeDdix B of the DBIS did not state any "OIlL conclusion of 
the occurrence of surface temperatures aDd up-river effects 
at Bowline and sillUltaneously have the 1I1.nillua recorded 
dilution of 2 in order to approach .urface temperature. in 
exc .. s of 91·' at Bowline." The Ca..8nt indicate. a lack of 
uDder.taDdina of the reentralDlient and recirculation phe
nOMna that control the theNal :lJIpact in a tidal-doalnated 
estuary. 

Co.Ie1lt 19-42 

The conclusion that the surface width'aDd cross-sectional area 
83·' criteria Would be exceeded at Bowline appear. to be haaecl upon 
the results of the OIlfL 'l'MP'IWO _del. As indicated above, the _del 
does not produce realistic results even if ODe a •• u.e. that the iaput 
para_ters used are reasonable. lxi.tilll field data sbow that the 
affected aurface .idth and 'ero.a-aectioDa! area are boUaded by a 
temperature rise of 4·, or by 8'''' at Bowline. 'l'b." t_peratures 
are substantially below the N. Y. State theraal diMhar.e criteria. 
Even if the full-load t'-perature conditions assu.ed in the _del 
were to occur, the frequency aDd duration of violatioDa would be 
insignificant. 

I.e.ponse 

THPTWO .adel does produce realistic results. The statement of 
the cOllUlent is not founded. "Existing field data show that the 
effected surface width aod cross-sectional area are bounded by a te.
pe~ature rise of 4·P aDd 83·P at Bowline" wa. not available for the 
analysis. This data, even if it cIoes exist, cannot be ca.pared with 
model predictions unless there exists the necessary compatibility 
between the data and the hour .of lleasurementa and the IIOdel predic
tions. 

There are no data to support the third conclusion. In addition, 
the statement that excesses in ta.perature increase with decreasing 
freshwater flow is not true. In fact, just the opposite is true. 
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When fre8hwater flow8 are low, more cooler ocean watere will coae 
into the e8tuary and .., thereby decrea8e rather than increa8e tea
perature8. ORIL apparently hypothe8ized that teaperature8 will 
increase as a result of lower dilution due to decreased freshwater 
flow. 

Re8pon8e 

The state.ent of the cOlllllent "In addition, the statement that 
exceS8es in temperature increase with decreasing freshwater flow is 
not true. In fact, just the oppos ite is true," indicates a lack of 
under8tanding of the hydrothermal phenoDena that control the far
field ther.al impact of multiple-power plant-operation on the Hudson 
River. The state_nt of the comment "when freshwater flows are low, 
more cooler ocean water8 will come into the estuary and may thereby 
decrease rather than increase temperatures" can only be true for 
natural conditions without any power plant operating on the estuary. 
The comment indicates a seneral misunder8tanding of the controlling 
hydrodyn8Bic phenomena in the estuary. Freshwater flow is associated 
with the tidal-averaged convective transport which is the primary 
ther.al traDSport phenomenon that controls the excess taaperature 
conditions caused by the thermal discharges. '~ore cooler waters 
will cc:.e into the estuary" by the seneral mixing transport, which 
include8 turbulent diffusion and dispersion, which is the secondary 
ther.al transport phenODenon that affects the excess temperature 
conditions caused by the thermal discharges. Hence, the comment is 
false. 

Furthermore, ~ased on the definition of the ambient water tem
perature conditions, according to the State thermal standards, as 
"before the addition of heat of artificial origin," cooling of the 
water temperature conditions in the estuary by the cooler ocean water 
entering the estuary, from the ocean end, with multiple-power-plant
operation conditions, is identically the same cooling effect, without 
the operation of the power plants as represented by the "clean river" 
conditions. Hence, the relative excess temperature conditions caused 
by multiple-power-plant operation on the Hudson River cannot be 
reduced by the cooler water entering the estuary under lower fresh
water flow conditions. Bence the ca.aent is also meaningless from 
excess water temperature considerations. 

Coaaent 19-44 

General Ca.aents on ORRL Thermal Model 

The findiDls presented in the DEIS pages 4-6 throuih 4-9 indi
catina the 83°F regulatory criterion would be exceeded under certain 
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coaditio .. (.aziaum ~r~s .ec~~oual are. avefaae t .. perature. of 
83.80.83.87 aDd 83.42°, are pre4ict~.at I1l4ia1l Poiut) are que.
tionable due to the followina fl ... ia tbe OIlL ther.al aaaly ... : 

The model verification is inadequate. 

The CClRpad80Da of the model predictione with the field data 
presented on pages 3-115 through 3.-117 of Appeadix B are generally 
iDadequatewith .. xi ... differeacee raDiina up to approxiut.ly 
3.5°,. Diff,r,nces for tbe 1974 verificat,ion period are liven below: 

HonSh 

April 
Hay 
Jun. 
July 
_lUst 
Auau·t 
Sept'-.r 

Days ~howiq 
Conai~erabl~ 
Dj,ecrepancy 

9-23 
1-30 
1-18. 27-30 
1-5, 14-20 
1-14 
14-19 
10-20 

Diec:repancy 
(Averase Band-'ield 

Data bye ( F) 

2.5 - 3.5 
1.5 - 3.0 
2.0 - 3.5 
1.5 - 2.5 
3.0 - 3.2 
2.0 - 3.0 
2.5 - 3.0 

Di.cr.pancie.ofth •• , .... itude. between model predictions and 
field data are unacceptable -~~ .. an analy.is _ieb purport. to predict 
exc ..... of less than 1°'. Mod.l predictions baaed on the ORRL veri
fication are meanlnale.s. partiCUlarly for critical periods when 
.. bient temperature. are within 3 or 4 dearees of the regulatory cri
tedon. YOI' GUlple ... jor di.crapaneies are noted for the critical 
period July 21 throup _p.t 14. The fact that the lIIOdel overe.ti
mates the field data bJ more than 3°' indicate that the actual cros.
sectional area avera .. te~ratures for the ca.e. presented are 
probably nearer 80·' than 83·,. . 

An additional .ource of error in the verification may be in the 
conversion of the field data to cros.-sectional av,rages. The field 
data were collected n~ar the IDdian Point intake and di.charle and at 
other selected points. - Compariaon with .,clel predicted "cro.s-
sect ional averaae t8lPeratur .. " required that OIlL convert the field . 
data. While conaiderable fiel~ data exist, it doe. not .eem possible 
for OBBL to develop daily cr08s-.ectional aversae field data for the 
entire period April throulh September 1974, without using some as yet 
uDknown .pirical conversion factor, which itself may be open to 
question. 

The model scenarios for which the 83°' criterion is predicted to 
beeltceed" are unreali.tic. 

Operation of all plants at .. xi1lUll capacity over the s ... period 
of tiae, including the period needed for the river to equilibrate to 
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such a steady-state condition, would be a rare occurrence when plant 
shutdowns, outages, maintenance and repair schedules and load cycling 
are considered. The _del should be run with these factors incorpo
rated for a realistic. projection of the temperature regiae in the 
river. 

Inapplicability of EPA "Rec01llDendation." 

The DEIS and Appendix E refer to Rew York State water quality 
standards for thermal discharges as set forth in Part 704 of the Rew 
York Codes, Rules and Regulations. The New York thermal standards, 
as approved·by EPA, however, do not include the EPA "rec<*lDendation" 
made in 1971 and 1973 (see references in DEIS, Appendix E, at p. 
3-4) which had suggested that the mixing zone be limited arbitrarily 
to a 1,000 foot distance from the discharge. 

Response 

1. The statement of the comment "the model verification is 
inadequate" is not correct. The confrontation between the 
model predictions and the field-measured data is the result 
of the unreliability of the data (see Sect. 2.3 in Appendix 
E of the PElS). The confrontation between two independent 
field-mea.ured-data sets is more pronounced than the con
frontation between the IIOdel predictions and any single 
field-measured data set (see Sect. 2.3 in Appendix E of the 
PElS) • 

2. The statement of the coament "An additional source of error 
in the verification may be in the conversion of field-data 
to cross-sectioned averages" is not correct. The field
measured data about the water temperature were not con
verted. Since the reduction of the field-measured data is 
always a part of the overall data acquisition program, no 
data reduction was att.pted. The statement of the comment 
"while considerable data exiets" is questionable, based on 
the considerations of the quality of the available data (see 
Sect. 2.3 in Appendix E of the FIlS). Furthermore, as 
stated above the responsibility of the reduction of the 
field-measured data, by "yet unknown empirical conversion 
factor" into a usefui f01'1l1 always belongs to the group that 
had acquired the data. 

3. Other power-plant-operation conditions for different fresh
water flow conditions in the Hudson River were considered 
in the Appendix E of the FIlS. 

4. EPA "Rec0lll1lendations" were deleted in the Appendix E of the 
PElS. 

9-57 



eo..at 19-45 

Additiollal. aplaDation ia needed for eM atat_nt ia Paraaraph 
4.25 coneemiDl brackiah or aaline water "Evaporation." 

l.eaponae 

Paraaraph 4.25 of the DES baa been _Ilded to clarify the atate
..at r ... rd1_ the e"pOration of bracki.h or .. line water. 

eo-ent ·19-46 

'Dle .tat .... t in Parqraph 4.27 that tile operatiOll of aeneratina 
atatioD8 on the Hudson U.er eatuary aa a potential cause of degrada
tion of the quality of the receivina watera baa not been de.onatrated 
by any evidenee, and ia in direct conflict with other atatementa in 
the DES. 

l.ea2OD!e 

Paragraph 4.27 of the DES ia an introductory .tat_nt acknow-
1edlias that beat aDd ·contro11ed aaounta of contaaill&nta are released 
ift the liquid eff1 .. nte fro. the Bowline Point Ceaeratiaa Station. 
M '1ICh, tbe a!f1_t. repre.ent a potential cause of dearadation in 
the quaUty ef _tera recei ... i. the diac:barp fl'aa the power plant. 
Stat_enta llade in aubaequent paragrapha indicate that .omtorina haa 
failed to reveal any meaaurab1e dearadationin the watera of the 
Hudaon I1ver attri~t.'le directly or indirectly to the operation of 
the Bowline Point atation. 

IeferenciQl the diacuaaion of the liqui4 effluenta fro. the 
clo.ed-cycle c601ilii ay.t_ .uacuaeed in Paragraph 4.41 of the DIS, 
it i_ notecl ttiat chloriuatioli for cooli_ tCMMra .y be continuoua. 
It can be a prebl.. under certain circ ... tanc.. .uch aa low chlorine 
daaand or hiahhydroaarbon prea.nce. 

Reapons. ? , 
A8 .entioned in paraaraph 6. of the DES. a cloaed cycle cool-

ina ayet_ at the Bowline Poin erati. Station would include de-
chlorinatioft aquipaent t a be b1owdowa, or liquid effluent, frOll 
the ayet... It .. y be ant c pated that W1tlaauch-.quiPMnt in place 
and a chloriDation achedu1e confor.ina to sound operatina practicea. 
the effluent he-. the _,at_ would .. et applicable regulatory ataa
darda related to the diacbarae of chlorine. 
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Concern is being focused increasingly on the presence of hydro
carbons in the nation's surface waters and the possibility of produc
ing toxic chlorinated compounds though the addition of chlorine in 
treating surface water for industrial and municipal uses. In accord
ance with the provisions of the Clean Water Act of 1977 (PL95-217), 
the U.S. Environmental Protection Agency is required to establish 
effluent standards reflecting the application of "best available 
technology" to control the release of a number of toxic substances 
including certain chlorinated hydrocarbons, from 21 categories of 
sources among Which is the category of steam-electric power plants. 
Further, the U.S. Enviroaaental Protection Agency has proposed regu
lations intended to control the release of toxic substances through 
the National Pollutant Discharge Elimina.tion System progrm and to 
establish monitoring requirements related to these substances (43 FR 
37078 et seq.) 

The presence of certain toxic substances has been confirmed in 
waste streaas of some coal fired power plants (U.S. Environmental 
Protection Agency, 1978). There is, however, little quantitative 
information on the source, transport and ultimate fate of these sub
stances in the environment. Accordingly, it is impossible to esti
mate the potential risk associated with the release of chlorinated 
hydrocarbons, heavy aetals or possibly other toxic substances from a 
closed cycle cooling systems at the Bowline Point Generating Station. 
It is expected that the effluents from such a system, if one is ulti
mately installed, would meet all applicable regulatory standards and 
conditons imposed through the National Pollutant Discharge Elimina
tion System permit. 

Comment 19-48 

Referencing Paragraph 4.48 of the DES, it is noted that detailed 
field dissolved oxygen measurements in the thermal plume have been 
performed. No demonstrable reduction in dissolved oxygen was noted. 

Response 

There is no apparent disagreement between the statements made in 
this comment and that made in paragraph 4.48 of the DES. The latter, 
however, has been reworded in 'the interest of clarity. 

C01IIIlent 19-49 

Referencing paragraph 4.49 of the DES, it was noted that since 
August 1, 1976 the sulfur content in fuel oil burned at Danskammer 
has been 1.0% by weight. Since tbe switch from 2.0% sulfur oil at 
the plant, compliance with the federal 24-hour standard for sulfur 
dioxide has been achieved. 
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Response 

A stateMnt to this effect has been added to paragraphs 4.49, 
4.51 and 4.70 of the DIS. 

The d18cu •• lon in Parairaph 4.56 of the DIS concerning a mea
surellent proaraa to oWterve the ~havlor of the plumes frOli the 
Bowline Point Station ataeke is 1I1slead1na. 

Responae 

Paragraph 4.56 of the DES has been aeDded aDd now states that 
evidence indicates that the pos.ibility of direct contact of the High 
Tor ridge by the pluae 1a couidered r8lk)te. 

C01lllDent 19-51 

The ambient air quality standard for nitrogen dioxide is an 
average of the 24 hour concentrations over a consecutive twelve month 
period. The averased _nth1yconeentration (Table 4-6) should not be 
directly cOllpare4 to tlita .abient Itancl&rd al shown in the DES. In 
reality, the annual averas_ value for the aame period oftille is 
0.030 ppm, not 0.049 ppa. 

Response 

Comment noted. 

COllllent 19-52 

Results of Orange and Rockland's analysis for environmental 
effects of cooling towers are presented in Orange and Rockland, 
1977bj Section 5.2. 

Response 

COIIIIent noted. 

C01lllDent 19-53 

Referencina Paragraph 4.70, it is noted that since the switch 
frOli 2.0% sulfur 011 at the DanaJtaa.r Plant, compliance with the 
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federal 24-hour sulfur oxide standard has been achieved at Wheeler 
Hill Road Station. 

Response 

A statement to this effect has been added to paragraph 4.70 of 
the DES. 

Comment 19-54 

The analysis of potential salt drift from cooling towers at 
Roseton in paragraphs 4.71 and 4.72 of the DES assumed cooling tower 
specifications which are 20 percent higher than Roseton tower speci
fications, therefore reevltill8 in _ller salt concentrations and 
fewer incidents of fog for.ationat grouDd level than would be 
expected with the tower. determined to be appropriate by Central 
Hudson if cooling tower8 are required for Roseton. 

Response 

The analY8is in -the FlS beginning at paragraph 4.102 includes 
the correct cooling tower parameters. 

Comment 19-55 

The analysis of potential salt drift from cooling towers at 
Roseton in paragrapbs 4.71 and 4.72 of the DES assumed average year 
salinity levels in the Hudson River makeup water which are not in
dicative of salinity during drought years. 

Response 

Salinities during drought years has been considered in the 
revised analysis in the FlS, beginning at paragraph 4.102 • 

Comment 19-56 

Contrary to the statement in Paragraph 4.75 of the DES, LMS 
has never developed models on adult striped bass entrainment. 

Response 

The text of Paragraph 4. 79 of tbe FlS has been revised to 
reflect this comment. 

9-61 



COIIIIent 19-57 

Contrary to the .tatement in Paraaraph 4.76 of the DES, the 
Power Authority of the State of Nev York ha. never puraued a tag
recapture program for vhite perch or .triped ba ••• 

Re.pon.e 

The text of Paragraph 4.80 of the PES has been revised to 
reflect thia comment. 

Coaunt 19-58 

The Corp. ca.IMnt on the "'lack of adequate syntheai." of .co
logical data i. not v.l1 founded. The JaDuary, 1977 (MePadden, 1977) 
report as veIl a. the t •• ti1lo1ly aDd exhibit. (Central Hudaon 1977a, 
1977bj Central Huct80D, et a1, 1977: Con Bdi80n and Pow.r Authority 
1977a, 1977bj EcolOlical Analy.t., 1977a, 1977b; McFadden, 1977; 
McPadden and Lavler, 1977: Orange and lockland, 1977a 1977b; Stone 
and Webster, 1975, 1976; TI, 1977) .ubaitted to EPA in July, 1977 
contain .uch .ynth.... of the material the utiliti •• believe to be 
of importance to the evaluation of .ffecta on the fishery. 

ORNL, a consultant to the Corp. for thi. DES and it. appendicea, 
proposed the .cope of work to be done (.ee Comment. on Appendix B, 
below). ORNL vaa propoaed aa a consultant by the plaintiff Hud.on 
River Fi.hermen'. Association. OIlL al.o act. a. consultaDt to EPA 
in the related EPA ca.e. (aee individual utility cOlUlent. on the 
DES). 

Re.pon.e 

The.e data have been incorporated into the PES. 

C01llll8nt 19-59 

The "Pir.t Annual Report for the Multiplant I_pact Study of 
the Hudson River Estuary," va., provided to the COE by letter dated 
Septe_ber 4, 1975. 

Re.pon.e 

The.e data have been incorporated into the PES. 
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COIaent 19-60 

It is inappropriate to divide yearly avereae deposition rates by 
12 to detel'lline potential for injury on a _nthly basis. Substantial 
deposition can occur in a few hours if the .eteoro101Y is right. The 
degree of salt depositon will vary ,between _nths (for exaap1e, see 
Oranse and Rockland, 1977b, Section 5). 

The DES analysis calculated average annual salt deposition 
concentrations which ... n .. ry little When estiaatiaa daaaae dODe to 
foliage. 

The use of short-tera salinity coacentratioaa prevalent durins 
the s~r _nth. of 4rOUlbt ,ears would yield higher deposition 
rates and would indicate the potential for daaage to foUage durins 
such periods. Such an aaAl,.is is includacl in Central BudaoD 1977b. 
Siadlar1y, with respect to Appendix I, Table 4.1.5 aad Paragraph 
4.3.4.2. the mnth1y Uver saUnity values shown are typical of 
non-drought years and, duriaa drought years, auch higher salinity 
values could occur. 

B.esponse 

The analysis of salt drift frca cool1na towers has been redone 
for the lEIS on a lIOnthly avereae basis (see Appendix I of the lEIS 
and the PElS beginnina at paragraph 4.102). 

C08I8nt 19-61 

Pertainins to DES paragraph 4.92, the amount of wetlaad to be 
eliminated at Greene County is detailed in both the Environmental 
Report (Power Authority, 1975a) and the application filed pursuant 
to Article VIII of the Public Service Law. (Pover Authority, 1975b). 

B.esponse 

Plana for the construction of the Greene County Power Plant have 
been cancelled by the Power Authority of the State of New York as of 
April 1979. Therefore, this reference to _tlaads loss at the Greene 
County site bas be_ deleted trOll the liS. 

Co ..... nt 19-62 

Pertaining to Paragraphs 4.94 through 4.119 in the DES, a more 
detailed and coaprehenaive discussion of expected iapacts of Bowline 
aay be found in Orange and lockland (1977a), McFadden and Lawler 
(1977), BcolOlica1 Analysts (1977b). 
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B.es2Oue 

In t. PBS (Par • .,118 4. U6). ttlediscu •• ion of Bowline Power 
Plant 1.Ilpacts has been rWfaect· to include new iUfot.atlon" frOll these 
references • 

CODllllent 19-63 

The differenees tn 8urriVal result. forlfeoll~s1s at Bowline 
Point and Indian Point referenced in DBS Paraii'iP 4.102 cannot 
be assumed to represent a d1sagre ... ntwlthout accounting for the 
possibility of dif fel"eltt tal net mortality aDil the caaparability of 
temperature ezPoaUl' •• dU11l1 entraimient of thi8 oraa'llis. at the 
two plants. A 1IOre detaUedd1ecuss10n of .e2i!818 survival .. y be 
found in Orange and lockland (1977a; Sect lou " .2 and 8.3). 

Response 

The discussion of zooplankton impacts'has been revised in the 
FES and reference to differential ReGaysis mortality between Bowline 
Point and Indian Point has been deleted. 

COJllllent 19-63a 

Pertainill8 to cOlDents made in DES Paragraphs 4.106 and 4.107, 
evaluation of ichthyoplankton entrainment abundance at the Bowline 
Point Generating Station may be found in Orange and Rockland (1977a; 
Section 9.2). 

B.esponse 

The PBS discussion of Bowline POint entrainment of fish eggs, 
larvae, and juveniles has been revised to include the information 
found in Orange and Rockland (1977a). 

C01IIIlent 19-64 

Pertaining to the stateaent made 1n DBS Paragraph 4.108, only 
striped bass and white perch were analyzed in 1973 at Bowline Pointj 
thus the unidentified larvae could have been Alosa spp., Atlantic 
tomcod or bay anchovy. 
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Response 

The discussion of Bowline Point entraiaaent bas been revised for 
the PElS and the stataent aade in the ms paragraph 4.108 has been 
deleted. 

Co_nt 19-65 

With reference toWS Paraaraph 4.111, the last sentence of this 
section invalidates the previous sentence, i.e. there was no problem. 
Also, a .ore detailed aDd c~ebeD8ive evaluation of entrainment 
survival inforution .. , be found in OraDle aDd lockland (1977a). 

Response 

This proble. bas been resolved by revisiDi the discussion of 
entraillMnt at BowUne Point. 'nle revisad discussion presented in 
PES paragraph 4.128 inclucles new information frOil Oraoae and Rockland 
(1977a) • 

COllllent 19-66 

Pertainias to DIS paraara,hs 4.112 and 4.113, the definition 
of -normal- teaperature exposure and ichthyoplankton survival is 
addr .... d in OraDie and Rockland (1977a, Section 9.4). Atlantic 
tOllCod survival for 1976 and 1977 .. y be found in Orange and Rock
land, 1977a, Section 9.4. 

Response 

These sections bave been rewritten for the PES (paragraph 4.129) 
and the statements in question have been deleted. 

Cm.ent 19-67 

There is no inherent reason why the 27% OINL 1IOrtality estimate 
for striped bass at ROHton .",porta t_ 24% OIRL estimate at B0¥
line. No rationale is presented for lHItina the assumption in the 
last sentence of this section. Although limited data were involved, 
in contrast to the 1975 Roseton data referred to here, survival of 
yolk-sac striped bass at Lovett in 1976 was estimated at 100%. (!A, 
1977a; Section 1.3.2). 
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Response 

This section bas been rewritten for the I'BS (paragraphs 4.128) 
and the statement in question has been deleted. 

COllllent 19-68 

Reference to the aamplina _thod uMd to estimate striped bass 
entraimaent mrtallty at IDdian POint i8 inadequate (DIS Patagraph 
4.11S). Inough is knOWn about net aotta1ity probl ... in the sur
vival studies at IDclian Point to elaborate here. The probable bias 
introduced by the aaaptina method at Indian Point should be dis
cussed. (See EA, 1977a; Sections 1.3 and 1.3.2). 

Response 

This section has been rewritten for the PBS (paragraphs 4.128) 
and the statement in question bas been deleted. 

COlllDent 19-69 

The last sentence of DES paragraph 4.116 should read, "Young 
fish in their first year of life lenerally dominated iapingeaent 
collections" • 

Response 

This section has been rewritten for the PBS (paragraphs 4.134) 
and the statement in question has been deleted. 

Comment 19-70 

As presented in DES paragraph 4.118, unacijusted iapinaement 
rates, without scale-up, provide lower estimates of iapingeaent at 
Bowline Point (Orange and Rockland, 1977a, Section 10.2). Employ
ment of a collection efficiency of O.S by OIHL is not supported by 
existing data. (Oranae and Rockland, 1977a, Section 10.2.3.1.3, 
p. 10.2-10). . 

Response 

This section has been rewritten for the PBS (paragraphs 4.131), 
and the statement in question has been deleted. 
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C01IIIent 19-71 

IapiDieaent surv1val at Bovline Point as aentlonecl in DES 
paragraph 4.119._y be found in Ora ... aad lockland, 1977a, Section 
10.3. 

Response 

The sectioll8 have been rewritten in the PES (paragraphs 4.131), 
and the stat_nt in question has been deleted. 

Co..ent 19-71a 

Pertaining to paragraph 4.126 of the DES. chlorination has been 
discontinued at the Roseton and D"staa.er plants in favor of mechan
ical coDdenser cleaninge 

Response 

The section has been rewritten in the PES (paragraph 4.143 ) and 
the statement in question has been deleted. 

Comment 19-72 

Contrary to the statement .. de in DES paragraph 4.134, data 
regarding numbers of ichthyoplankton of key fish species entrained 
at the Roseton station through the year 1976 are given in the evi
dentiary material filed with EPA Begion lIon July 11, 1977 (Central 
Hudson, 1977a). 

Response 

This section has been rewritten for the PES (paragraphs 4.14~ to 
include the recently available data on 1976 entrainment at Roseton. 

Comment 19-73 

The findings of Ecological Analysts (1977a, 1977b) should be 
added to the dieeussion of cuaulatton i~acts on phytoplankton, 
zooplankton. aDd. benthos fouacl in .8 paragraphs 4.140 to 4.152. 

Response 

The results of this recent study have been included in the FES 
when appropriate. See paragraphs 4. 162 to 4.172. 
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COllllent 19-74 

Contrary to the sta~t.ad. ill DIS paraaraph 4.158, insuffi
cient data exist to .aliOw the ·litat_nt that Atlantic tOllCod" yolk-sac 
larvae are distributed throuahout the water colUllIl. (McFadden, 1977 
at Section 14.42, p. 14.14). 

Response 

The discussion of lIUltiplant entrainment effects has been re
written for the FES (paraaraphs4.l73), and the statement in question 
has been deleted. 

COlDDlent·19-75 

The estimate of entraiment for Unit 1 of Indian Point in Table 
4-19 of the DES is based on Unit 2 concentrations rather than on 
river concentrations as stated in the footnote. In addition, -August 
1974" in footnote d of Table 4-19 should be changed to September 
1974. 

Response 

This table has been deleted from the PES. 

COllllllent 19-76 

Contrary to statements .. de in DIS paragraph 4.162, fish im
pingement data (all species) are reported monthly as well as annually 
in utility reports. (See generally the "Indian Point Impingement 
Study" reports for 1972-73, 1974 and 1975 which were provided to the 
Corps of Engineers by letters dated February 20, 1975, December 11, 
1975 and Deceaber 20, 1976, respectively). Furthermore, reports pre
pared for Orange alld lockland (LMS, 1974; LMS, 1975; LMS, 1976 and 
Orange and Rockland, 1977aj Section 10.2) report on impiDiement data 
of striped bass, white perch, Atlantic tOllCod, and other species. 

Response 

This section of the report has been rewritten in the PES (para
graphs4.180). Where appropriate the revised version provides more 
detailed information on Hudson River power plant !mpiDiement of fish. 
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C01llllM!nt 19-77 

Power plant impacts on blueback herring and shortnose stur
geon were not calculated but were discussed in McFadden (1977 at 
p. 14.19). Accordingly, despite the implication in the DES at para
graph 4.162, the equilibrium reduction equation was not applied for 
impact assessment on these two species. 

Response 

This section has been deleted from the FES. 

Comment 19-78 

The impingement data presented in Table 4-22 of the DES should 
not be exp~essed as number per million gallons, but rather as number 
per million cubic meters. In addition, although not significantly 
different, the data presented in this table should be updated in 
light of the data presented in Supplement 1 to the January, 1977 
report (MCFadden and Lawler, 1977). The derivation of the impinge
ment rates at Cornwall is unclear, since the plant does not exist. 
Further, it is improper to consider the Cornwall project here as it 
has no bearing on the subject proceedings, nor can it be used as a 
determinant for the installation of cooling ~ower.-in 1982 when it 
will not become operational until 1988-89. . ,( 

Response 

Table 4-22 (DEIS) has been deleted from the FES. 

Comment 19-79 

It is unclear why, in Table 4-23 of the DES, different factors 
were applied to the impingement estimates at Bowline, Indian Point, 
and Roseton when the cooling system is changed from once-through COT) 
to closed-cycle (Ce). For instance, the impingement estimate at Bow
line with CC cooling is 2% of that with OT cooling, whereas at Indian 
Point it is about 9% and about 4% at Roseton. The higher factors 
applied to the Roseton and Indian Point impingement estimates require 
justification. 

Response 

Table 4-23 (DES) has been deleted from the FES. 
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COJllllent 19-80 . . 

Instead of the use of cIo_ed-cycle coo.\ina, modification of all 
intakes with the installation of" screens or ~eflection devices could 
also reduce 1apinleaent, an4 would cost less than cool1na towers. 
(See, for exaaple, Stone aud Webster, 1975, 1976a and 1976b; and 
Exhibits 16 aDd 22 of the July 11 f1l~na with EPA, all of which have 
been supplied to the Corps of Engineers). 

Response , 

Studies on the use of nets in front of the intake structures at 
Bowline Point are summarized in the Bowline Point impinaement section 
of the FES (paragraph 4.138 ). In addition, the concept of using 
screens-or deflectina devices to reduce impinaement impacts is dis
ccussed in Paragraphs 6.58 through 6.60, Modification of the Present 
Permit--Improvements to Plant Intake. 

C01llllent 19-81 

Unlike Indian Point Unit 2 where impinaement collection effi
ciency may be less than 100% due to the air bubbler and once-a-day 
washina of the vertical fixed screens; the collection efficiency at 
Bowline and Rose ton should be very high. (See Orange and Rockland, 
1977a, Section 10.2). Application of ~ collection efficiency of 0.5 
to Bowline and Roseton impinaement estimates, as discussed in DES 
paragraph 4.170, surely results in a gross overestimation of impinge
ment impacts at these plants. 

Response 

This section has been deleted from the FES. 

CODlDent 19-82 

In paragraph 4.172 of the DES it is stated that the extent to 
which the Ricker theory is applicable to estimatina the ultimate 
effects of power plant generation on Hudson River fish populations 
is presently unresolved. Supplement 1 (McYadden and Lawler, 1977) to 
the January 1977 Report (Mcfadden, 1977) presents a detailed analysis 
and application of Ricker's stock-recruitment theory in estimating 
the ultimate effects of power plant operation on Hudson River fish 
populations. 
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Response 

Information in Supplement 1 (McFadden and Lawler, 1977) have 
been used itt preparation of the FES. A discussion of the applic
ability of the Ricker theory is included in material beginning at 
paragraph 4. 187 • 

Comment 19-83 

Values of percentage losses from entrainment and impingement 
given in Table 4-24 of the DES have been updated in McFadden and 
Lawler (1977) at p. 2-VIII - 36, 37. 

Response 

These data have been used in the FES. 

Comment 19-84 

The issue discussed in paragraphs 4.180 and 4.181 of the DES 
is not the existence of striped bass compensation but its extent and 
operation. The existence of coapensation has been shown empirically 
for striped bass populations. The commercial fishery catch data pro
vide precisely the long time-series which the DES requires to "deter
mine empirically the existence of compensatory relationships within a 
fish population." 

Response 

The most recent Utility analyses to demonstrate empirically the 
existence of compensation in striped bass and white perch populations 
of the Hudson River are evaluated beginning at paragraph 4.192 of 
the FES. 

Comment 19-85 

Estimates of entrainment mortality (fc) presented in Table 
4-25 of the DES are obsolete in light of ,the updated 1975 and 1976 
entrainment survival data available since the DES was issued. 

Response 

A discussion of entrainment mortality utilizing more recent data 
can be found beginning at paragraph 4.173 of the FES. 
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Comment 19-86 

The large ranses of fl factors presented in Table 4-27 of the 
DES are due not to the quality of the data, but to the wide varia
tions in the distribution of striped bass ichthyoplankton frOll year 
to year and from one plant site to another. More recent data can be 
found in McFadden and Lawler (1977). 

Response 

More recent data have been incorporated into the PES at para
graph 4.173 • 

Comment 19-87 

Instead of the values for entrainment mortality given in Table 
4-26 of the DES, the Corps sho~d use the results from larval table 
sampling. The larval table results are much better mortality esti
mates. 

Response 

These recent data have been used in the FES. 

Comment 19-88 

The interpretation of the analyses pertainins to the best lag 
time. to use in pairing spawners with the resulting recruits may be 
more complex than the presentation given in paragraph 4.187 of the 
DES. 

Response 

More recent analyses of the appropriateness of the Utilities 
choice of a 5-year lag time in match ins data on spawners and recruits 
for striped bass in the Hudson River is presented beginning at para
graph 4.229 of the FES. 

Comment 19-89 

McFadden and Lawler (1977) presents a revision of the analysis 
of population density effects on growth of young striped bass as 
given in paragraph 4.188 of the DES. After corrections in the raw 
d~ta, the negative relationship between density and growth reported 
in the DES is no longer apparent. However, this does not mean that 
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such a relationship does not exist. The Corps should refer to 
studies of the Roanoke Albemarle system by the University of North 
Carolina at Raleigh (Hassler and Hogarth, 1970) and on the West Coast 
(Chadwick, 1964; 1968). (See White perch work by Mansueti, 1961 and 
by Hergenrader and Bliss, 1971, on growth and population density). 

Response 

The most recent Utility analyses to demonstrate empirically the 
existence of compensation in striped bass and White perch populations 
in the Hudson River are evaluated beginning at paragrah 4.187 of the 
FES. 

Comment 19-90 

Section 2-IV of, McFadden and Lawler (1977) provides an extensive 
analysis indicating "the range of mortality'rates resulting from 
pqwer plant operations that could be offset by compensatory responses 
and the degree of offset". 

Response 

Data from McFadden and Lawler (1977) have been incorporated into 
the FES at paragraph 4.187 of the FES. 

Comment 19-91 

Utilities disagree with all four contentions of the staff of 
the Oak Ridge National Laboratory presented in paragraph 4.192 of the 
DES regarding the form of compensation function used in the Lawler, 
Matusky, and Skelly model of long-term fish population reduction. 

Response 

The model referred to is no longer used by the Utilities to 
estimate long-term impacts and has been deleted from the FES. 

Comment 19-92 

In reference to the values given in paragraph 4.194 of the DEIS 
for entrainment mortality used in the Oak Ridge National Laboratory 
model runs used to estimate long term impacts to striped bass, mor
tality for organisms entrained in a. closed cycle cooling system is 
100 percent. 
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Response 

This model is no louaer used by the Oak Ridge National Labora
tory and has been dropped frOil the PBS. 

CODlDent 19-93 . 
I 

The large reduction in striped bass adult population size pre
dicted by the Oak Ridge National Laboratory model as presented in 
Table 4-31 and discussed in paragraphs 4.196 and 4.197 of the DES 
is due principally to the modification of the compensation function 
as proposed by Lawler, Matusky, and Skelly. Utilities disagree with 
the modification of the function. Also, Utilities disagree with the 
inclusion of the effects of the Danskammer and Lovett plants since 
their impacts on fish populations is already reflected in the base
line condi tions • 

Response 

This model is no longer used by Oak Ridge National Laboratories 
or the Utilities to predict long-term impacts and has been dropped 
from the PES. 

Comment 19-94 

The Utilities agree that the runs of the Oak Ridge National Lab
oratory population model that use no compensation, as discussed in 
paragraph 4.198 of the DES, are unrealistic. 

Response 

This model is no longer used by the Oak Ridge National Labora
tory and has been dropped from the PES. 

Comment 19-95 

The "increase" in the magnitude of effect from annual loss of 
young-of-the-year compared to the reduction in adult stock after 40 
years as predicted by the Oak Ridge National Laboratory population 
model and discussed in par&,lraph 4.199 of ,~he DES is due to the form 
of the compensation function used. Utilities d1sa~ee with the form 
of the Laboratory's compensation function. 
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Response 

This model is no longer used by the Oak Ridge National Labora
tory or the Utilities and haa been dropped from the FES. 

CODlllent 19-96 

Utilities disagree with Oak Ridge National Laboratory in re
stricting compensation to the entrainable life stages only in their 
population model of long term impact, which is discussed in paragraph 
4.202 of the DES. The Laboratory has offered no evidence that com
pensation does not occur during the impingeable life stages. 

Response 

This model is no longer used by Oak Ridge National Laboratory to 
predict long-term impacts and has been dropped from the FES. 

CODDDent 19-97 

The equilibrium model (i.e. Equilibrium Reduction Equation 
[ERE]) discussed in paragraph 4.203 of the DES is not an extension of 
the Lawler, Matusky, and Skelly model used by Oak Ridge. The ERE was 
developed independently by Texas Instruments. 

Response 

This statment has been removed from the FES. 

Comment 19-98 

The long-term reduction in the adult population level of striped 
bass in the Hudson River as predicted using the Real-Time Life-Cycle 
Model has been revised upward to 8 percent (McFadden and Lawler, 
1977) from the value of about 5 percent given in the DES in paragraph 
4.204. Also the characterization of the Oak Ridge National Labora
tory popUlation model in the DES as employing "strong compensation" 
is completly unfounded. As indicated above, the largest amount of 
compensation in Table 4-31 (KXO/KX - 0.5) corresponds to an extremely 
low level of alpha (1.4). The percentage reductions in Table 4-32 at 
KXO/KX - 0.5 (13 to 15%) correspond to a more realistic, yet still 
conservative, level of alpha (3.2). 
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Res~onse 

An analysis of the Real-Time Life-CYcle Model is given in the 
PES beginning at paragraph 4.241. The Oak Ridge National Laboratory 
no longer uses the population model to predict long-term impacts, and 
it has been dropped from the PES. 

Co_ent 19-99 

Much more important reasons for the differences in the impact 
predictions obtained by the Utilities and the oak Ridge National 
Laboratory, than those given in the DES beginning at paragraph 4.205 
are: 

(1) The amount of compensation operative; 

(2) Differences in entrainment survival estimates; and 
the 50% impingement collection efficiency erroneously 
applied to Bowline and Roseton data by ORNL. 

Response 

Oak Ridge National Laboratory no longer uses the population 
model discussed in the DES and has made no new predictions of long
term impacts to fish populations. Comparisons with present Utility 
estimates are not possible in the PES. 

Comment 19-100 

Ricker's methodologies for assessment of exploitation may be 
applied in a manner which allows natural mortality to be held to be 
negligible or in a manner in which exploitation occurs over a period 
of months during which a high rate of natural mortality occurs. 
Texas Instruments (TI) in applying Rieker's methodologies initially 
elected to apply them in a manner which discounted concurrent natural 
mortality. Subsequent to the issuance of McPadden (1977) in which 
this methodology was developed and presented (Section II), it was 
pointed out to TI that a more appropriate approach would be to 
account for natural mortality throughout the rather long period of 
exposure to power plants. This is the reason for the use of the term 
"misinterpretation". Utilities believe the use of the word "error" 
in paragraph 4.206 of the DES is incorrect. 

Using the revised interpretation of Rieker's analysis an~ the 
o."" ~al ibration of the LMS Model results in a prediction of multi-plant 
_llip" 8l: 40 years of 8% (McPadden and Lawler, 1977, Section 3-VIII). 
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Response 

The reference to an error in analyses has been removed from 
the PElS. An analysis of lIOre recent Utility estimates of long term 
reduction in fish populations begins at paragraph 4.205 of the PES. 

Comment 19-101 

It is stated in paragraph 4.207 in the DES that the population 
models used to predict impact to fish populations by the Utilities 
and Oak Ridge National Laboratory were different in that the Utility 
analysis used a level of compensation stronger than the strongest 
case considered by Oak Ridge. 

The most important difference in the application of the models 
however, was Oak Ridge's disabling of the left limb of the compensa
tion function. 

Response 

These models are no longer used to predict long-term impacts and 
have been removed from the PES. 

Comment 19-102 

It is stated in paragraph 4.208 of the DES that Oak Ridge Na
tional Laboratory noted a larger effect of impingement in their runs 
of the population model than did the Utilities in their runs of the 
same model. The important effect of impingement when strong compen
sation was assumed in the Oak Ridge runs was thought to account for 
the difference. As explained in Comment 19-98, "strong compensation" 
was not assumed in any of the Oak Ridge runs. Inflated impingement 
rates due to the unfounded application of a 50% collection efficiency 
at Bowline and Roseton probably caused the greater estimate of im
pingement impact. 

Response 

These models are no longer used to predict long-term impacts and 
have been removed from the PES. 

Comment 19-103 

It is stated in paragraph 4.210 of the DES that differences 
h vc::llles of entrainment mortality were probably not responsible for 
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the larger differences in esttmates of long-term impacts to the adult 
striped bass made by the Utilities and the oak Ridge'National Labora
tory. The Utilities beli .. e that·dif~rences in the values chosen 
for entrainment m.rtal1ty do contri1Nte tothedifferenc.s ·in iapact 
predictions. oak tid .. used three d1fferent levels of intake fac
tors. These are not all similar to the values used by the Utilities. 

Response 

These older models are no longer used to predict long-term 
impacts and have been dropped from the PES. 

Comment 19-104 

In paragraph 4.219, the notion of arriving at an equitable 
distribution of benefits and costs is mentioaed. However, the Corps 
of Engineers has not provided any cost/benefit evaluation for the 
alternatives proposed. Purtheremore, no cost/benefit or comparative 
evaluation of alternatives to closed-cycle cooling has been provided 
in the DES. 

Response 

As indicated in paragraph 4.02 of the DES and the introductory 
portions of section 6 dealing with alternatives, the analysis pre
sented in the DEIS focuses on the costs and benefits associated with 
alternaitve options available to the District. However, the analysis 
encompasses cooling alternatives (paragraphs 6.09 through 6.56 of the 
DES) and alternatives to closed cyele cooling (paragraphs 6.58 
through 6.62 of the DEIS); although regulatory decisions on these 
matters are not within the purview of the District. This is con
sistent with the directives of the National Environaental Policy Act 
on the question of alternatives and allows the District to assess the 
implications of its own action under a range of conditions represent
ing the possible outcome of actions taken by other agencies. 

Comment 19-105 

The visual impact of the Bowline Point Generating Plant will be 
exacerbated by the construction of the proposed cooling towers. 

Response 

A discussion of the visual impacts of the Bowline Point Station 
are given beginning at Paragraph 4.251 of the PES. 
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COllllent 19-106 

Referencing paragraph 4.224 of the DES, Orange and Rocklanc! !>as 
optimized the cooling tower design to the lowest possible height, 
which is 393 feet. The base di8.1leter would be 315 feet. 

Response 

A note has been added to Pigure 4-14 of the DES to indicate that 
the artist's impression given in this figure 1s based on a prelimi
nary design and that the height and base diameter of the towers have 
been reduced according to a later design. The appropriate changes 
have been made in paragraph 4.224 and 6.18 of the DES. 

COllllent 19-107 

Utilities support the fact in paragraph 5.10 of the DEIS that 
there are alternatives to cooling towers, which could be implemented 
at far less cost, in lieu of cooling towers, if impacts were deemed 
unacceptable. These alternatives could include modified operation of 
the circulating water system to optimize entrainment survival, modi
fication of the intake structure to reduce impingement, or stocking 
Hudson River striped bass. (See Orange and Rockland, 1977a; Section 
9.4.4.3.3, p. 9.4-58; Stone and Webster, 1975, 1976a, 1976b and Texas 
Instruments, 1977.) 

Utilities disagree that it is impossible to predict how success
ful alternative measures would be, based upon the research results 
reported above. 

Response 

Comment noted 

Comment 19-108 

Paragraph 5.14 of the DES notes that the presence of poly
chlorinated biphenyl compounds in the Hudson River is a factor that 
warrants consideration as elements of risk associated with the long
term operation of the power plants with closed-cycle cooling. The 
comment notes that the presence of these compounds has resulted in 
the prohibition of com.ercial fishing in the Hudson River and in the 
limitation of the number of fish taken by sports fishermen for con
sumption. 
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Response 

Mention is .... e in par .. ra~h 2.37 of the DES of the ban on COl!l

mercial fishing in the Ruclson J1iv,r and the advisory on limiting the 
intake of fish frOID .the Hudson 1tiver as a result of elevated levels 
of polychlorinated biphenyl cOmPounds (PCB's) in the river. Avail
able inforaation, liven in Filures 2-16 and 2-17 of the DIS, indi
cates that annual cOllllercial landinas in the Hudson River Valley have 
been of the order of 300,000 pounds for American shad and les8 than 
100,000 pounds per year for alewives and striped bass. 

This ban repreaents a monetary losa to the c~rcial fishermen 
of the Hudson River Valley b~t, clearly is unrelated to the operation 
of the Bowline Point Generatina Station and the other power plants on 
the river. In the lona term, it appears reasonable to auppose that 
the present prohibition on the discharle of PCB's, possibly accom
panied by efforts to decontaainate the river, will lead to reduced 
levels of these coapounds in the river. COIIlIIlercial Ushina ... y re
suae and the potential effects of the power plants on the fishina 
industry then beccae a relevant consideration. It is difficult, how
ever, to estimate the magnitude of theae effects in terms of finan
cial loss .. for a nUllber of reaso~s. Principal amona thea is the 
uncertainty concemiDl the effects of the power plants on populations 
of fish in the Hudson River, as discussed in detail in .various 
sections of the DES. 

Beyond this uncertainty, several factors must be considered in 
relating possible reductions in. standing stocks to financial losses 
to the. regional fishing industry. Market conditions, such as the 
demand for a particular type of species of fish and the value of the 
product, rather than standing stops could be the principal determi
nants of the commercial catch. The seasonality of cOllUlercial land
ings may be another important factor in terms of the size and nature 
of the fishing industry that can be maintained. Nonetheless, a re
duction in standings stocks can, in leneral, be related to a reduc
tion in catch-per-effort and, in turn, to a loss in the earnings of 
commercial fishermen. 

Couaent 19-109 " 

Orange and Rockland Utilities, Inc. and Central Hudson Gas and 
Electric do not agree that the Corps has any lelal authority to place 
operating restrictions on the Bowling Point or Roseton lenerating 
stations. 
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Response 

Current regulations authorize the District Engineer to re
evaluate the circumstances and conditions of a permit either on his 
own motion or as the result of periodic progress inspection, and to 
initiate action to modify, suspend or revoke a permit as may be made 
necessary by considerations of the general public interest. All 
factors which may be relevant must be considered in this review, 
including conditions of conservation, economics, aesthetics, general 
environment concerns, historic values, fish and wildlife values, 
safety, land use, water quality, and in general, the needs and 
welfare of the people. 

Comment 19-110 

It is believed that problems associated with backfitting a plant" 
designed for once-through cooling, the aesthetic impact of massive 
towers and their plumes, and 100 percent mortality of entrained 
organisms will probably be ~cologically disadvantageous along with 
salt drift. 

Response 

COIIIIIlent noted. 

CODlilent 19-111 

Paragraph 6.48 of the DES discusses measures aimed at reducing 
the amount of cooling water that is withdrawn from the Bowline Pond 
and circulated through the power plant. Based upon organism thermal 
tolerance information, the utility believes that careful considera
tion must be given to the operating mode of the recirculating water 
system. 

Response 

Comment noted. 

CODlllent 19-112 

Paragraph 6.57 of the DES notes a number of other mechanisms in 
addition to thermal shock through which biota are injured or destroy
ed. However, larval table data at Bowline show that temperature is 
the main determipant of mortality. 
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Response 

COIIUDent.noted. 

Comment 19-113 

The discussion of potential ~provements to plant intake. struc
tures in paragraph 6.58 - 6.60 of the DES should be expanded. 

Response 

An expanded discussion of the possibility of installing alter
native intake structures at the Bowline Point Generating Station now 
replaces the discussion given in paragraphs 6.58 through 6.60 of the 
DES. 

Comment 19-114 

Paragraphs 6.61 and 6.62 of the DES discuss the concept of a 
comprehens ive management program within the New York Powe'r Pool which 
would, inter alia, restrict certain power plant operations depending 
upon ecological conditions. This concept should be explored in 
greater detail and should particularly address the responsibility of 
the member utilities to supply adequate and reliable electric service 
at lowest possible cost to the consumers in New York State. The 
Corpts l~ited authority over implementing such a program should be 
addressed. 

Response 

No statement made in the DES is intended to be contradictory 
to the substance of this comment. As mentioned in paragraph 6.62 of 
the DES, the notion of tlecological dispatch" is a suggestion based on 
limited ecological information, with evident need for more data and 
analysis to formulate a comprehensive management program. Editorial 
and other changes have been made in Paragraph 6. 70 of the FES to 
emphasize that tlecological disptach" can be considered at present 
only as a PQssibility of undertermined ecological, technical and 
economic viability." 

Comment 19-115 

In the first sentence in paragraph 6.77 of the DES, change 
Bowline Point to Roseton. The last sentence should read: tithe 
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increased fuel consmaption is estiaated to be on the order of 2.5 
1Dillion barrels of fuel 011 per year with a spot 1I8rket value in 
excess of $45 ail lion per year." 

Response 

The obvious error in paragraph 6.77 of the DES has been cor
rected. A revised esti .. te shows that the additio~al fuel consUlllP
tion associated with the suspension of the Rose ton is 2.5 1Dillion 
barrels of fuel oil per year as indicated in this cOllllent, and not 
2.0 1Dillion barrels per year as indicated in the DES. In order to 
maintain consistency throughout the analysis, a value of $37.5 to $40 
is assigned to this increase in consumption on the basis of 1976 spot 
prices of fuel. 

Comment 19-116 

It is 1Disleading in paragraph 7.04 to lump all short-term uses 
of man'e environment along the estuary as if they all caused reduc
tions in productivity. 

Response 

Editorial and clarifying changes have been made in paragraph 7.04 
of the lESe 

Coument 19-117 

The implication in paragraph 8.09 of the DES that striped bass 
are selectively stressed is incorrect. 

Response 

The argument presented in paragraph 8.09 of the DES is an expan
sion of the possibilities identified in paragraph 8.07 as potential 
irreversible, or permanent i1Dpacts. With the present state of knowl
edge of the aquatic ecosyste1D of the Hudson River estuary, the argu
ment is, of necessity, based 1Dostly on theoretical considerations. 
Among these is the possibility that striped bass are selectively 
stressed with re.pect to other species because of different charac
teristics in life cycles of the fishes. For ~a.ple, the particular 
spawning habits of striped bass could, in principle, render their 
progeny 1Dore or less susceptible to entrainment and i.pinge1Dent. 
The sensitivity of eg&. and larvae to entrainment and survival among 
i1Dpinged juveniles in many cases is known to vary from species to 
species. It is conceivable, therefore, that one or more species 
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could be selectively stres.d aDd t.hat the irreversible impacts 
identified in paragraph 8.07 of the DES could materialize. 

C01IIIIl8nt 19-118 

AppeDdix B i8 incomplete in that· it do .. not cOlltain a ,copy of 
the Septeiaher 22, 1976 Order of Judie Hetzler in Bud_on R.1ver 
Fisheraen'8 Association, .!i al., v. Oralli. and Rockland Utiltiiea, 
Inc., .!lal., (72 Cir. 5460). 

Respona. 

A copy of the Order has been included in Appendix B in the RIS. 

COlllent 19-119 

Appendix C auapats that the pneration from Roaeton and Bowline 
is not neceasary, .peculating that other leneration sources are or 
will be available. These unwarranted conclusions are completely 
incorrect. 

Reaponse 

AppeDdix C provides detailed information to support certain 
findinas aDd conclusions made in the body of the report. A statement 
to this effect has been added to the introductory paragraph of the 
Appendix to ensure that it's intended purpose is clearly defined. 

Responsea to the more specific commenta that follow will ef
fectively address the broad points of contention contained in the 
above comment. 

C01llllent 19-120 

In deviaina the lons-ranae plans of the Rew York Pover Pool, the 
investor-owned ___ bar utilities are limited by a number of external 
constrainta. Th.ae cOllpaniea have severe financial co_traints on 
the inveataent of new capital and are required by their .. nasements 
and stockholdera, aDd by reaulatory authoritiea, to "".tify the com
mitlllent of funda to new facilitiea.,,· While the projection of future 
load is an i-,ortant factor in the decision to coaatr.ct a plant, 
this factor doea not atand alone. The enviroumental constraints on 
new facilities, the attitude of, and lelal re.traints imposed by, 
local lovernaents, the local tax burden on a facility, the attitude 
and productivity of the labor environment, and the price reaistance 
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of customers all confine the planning for the construction of new 
facilities. 

Response 

A discussion on tbe significance of projections of peak load 
in planning additions to generating capability is given in the third 
paragraph on page C-ll of the DES. In the discussion it is pointed 
out that all prOjections represent the pri.ary basis, and not the 
exclusive basis, for planning. The factors enumerated in the above 
comment coapliment the infor.atlon given in the DES and point to the. 
advisability of allowing for contingencies in long-range generation 
plans. A discussion of the effects of such contingencies is given on 
pages C-18 through C-20 of the PES. 

Comment 19-121 

National policy requires the limitation, to the extent possible, 
of the need to burn oil. Accordingly, the long-range plans of the 
Power Pool now envision expansion of power generation using coal and 
uranium fuel. 

Response 

A description of the Power Pool's long range plans given in the 
first full paragraph on page C-18 of the DBS indicates that nuclear 
fueled power plants constitute approximately 64 percent of the addi
tional generating capacity scheduled to be installed between 1976 and 
1991, with coal and oil f~~led power plants constituting respectively 
15 percent and 9 percent of additional capacity. 

Comment 19-122 

Changing environmental and regulatory requirements and pro
cedures have limited the Pool's ability to estimate the total tiae 
needed for planning and construction of new generating units. Two 
major uncertainties -- a return to the higher trends of long-term 
load growth rates as the effects of the national recession ease, and 
a delay in bringing units on the line must be considered in planning. 
In developing the Pool plan, the most reasonable estimates permit 
allowance for tbe detrimental effects of either, but not both, of 
these two major uncertainties. The Pool's present forecasts reflect 
the lower growth rate of the past three years and the impact of 
conservation efforts. These lower growth rates run counter to both 
historical trends and to the fact that the trend of consuaption of 
other forms of energy for other purposes has not experienced similar 
declines. 
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The current experience is that the overall time required to 
. put generation into operation is actually increasing due to several 
factors, including regulatory delays, construction delays, enforced 
regulatory modifications, and litigation. Utilities believe that it 
is becoming increasingly more difficult for new generation to becoae 
productive in the anticipated time. 

The Power Pool plan recognizes the two major uncertainties, 
provides for the occurrence of one or the other (but not botla), and 
develops a plan which projects reserves of large magnitude, if all 
occurs according to aS8uaptions; and it includes an optimistic per
spective of the time required to imple.ent the plan. However, the 
plan is not the fact; and if a fortuitous set of circumstances should 
combine to permit perfect implementation, action obviously would be 
taken in later plans to delay future, uncommitted plants. Each plant 
must receive a certificate for construction, on an individual basis, 
in a procedure in which the then current need for the plant is 
thoroughly examined. 

Response 

The summary of the New York Power Pool's long range generation 
plan given on pages C-18 through C-20 of the PES confirms the pre
diction that adequate reserve margins could not be maintained with 
both a load growth higher than anticipated and additions to capac
ity coming on line on a delayed schedule. As indicated in the above 
comment, the addition of new capacity can be delayed if either one of 
these contingencies, considered adverse from the standpoint of plan
ning, fails to materialize fully. 

Comment 19-123 

The high future level of reserves indicated in the Pool plan 
wiil, in all probability, never be realized. The present relatively 
high level of reserve is the result of the economic downturn experi
enced nationally and its lingering effects which are still prevalent 
in the northeast sector of the country. 

Many of the plants currently in place were authorized and built 
during the late 1960's and early 1970's, when growth rates demanded 
the construction of these facilities. In recognition of the need to 
reduce the cost of energy (presently among the highest in the coun
try), it is necessary to run the least costly existing units to 
generate electricity to reduce the effect of energy costs on the 
heavily burdened people. The Roseton and Bowline plants, which are 
among the most efficient plants in the Pool, thus are an asset to 
this area. 
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The iaplication in the DES that other units can be run in place 
of Roseton and Bowline does not take into account the economic impact 
of energy costs on the consumer and, to the extent that this econoaic 
burden on the cust~ is disregarded, does not create the necessary 
background for the value jud8llents that need to be aade in an envi
ronmental impact statement. 

Response 

The monetary as well as energy costs associated with the loss of 
generation froa the Bowline Point and Roseton stations are discussed. 
in paragraphs 6.73 and 6.75 of the PES. As indicated in these para
graphs, the generation of energy to replace the energy produced by 
the Bowline Point station would entail a penalty estiaated on the 
basis of 1975 records to be of the order of 10,500 billion Btu, the 
equivalent of 1.75 million barrels of oil valued at $26 to $28 mil
lion at 1976 prices. The corresponding figures for the Roseton sta
tion, given as 2 million barrels of oil and $30 million per year in 
the DES, have been revised in the PES to 2.5 million barrels valued 
at $37.5 to $40 million at 1976 prices. 

COlllllent 19-124 

To iaply that the simple solution of using gas turbines is a 
viable alternate to generation with modern steam-electric plants 
is completely erroneous and contrary to the public interest. Gas 
turbines are used for peaking purposes and are intended to run for 
short periods of time to supply short-time peak loads. They are less 
costly from a capital point of view, but inherently much more expen
sive because of the fuel used and because of their low efficiency. 

The current technology of gas turbines requires that they be 
fueled with distillate products which are more expensive than the 
residual oil, coal, or uranium fuel used in large plants. The 
overall cost of electricity from these turbines, when operated for 
equivalent time periods, is substantially greater than that of large 
steam-electric plants. Furtheraore, the impact of the heavy consump
tion of this fuel, for electric generating purposes, on the market 
price of the product, which may be used for home heating oil, diesel 
fuel or jet engine fuel, will force the price of these products to 
rise, or in some instances may produce shortages. This impact on the 
prices paid by the consumer for many products cannot be dismissed. 
The supply of this fuel and these products is not geared to large 
consumption by utilities. 

In the case of pumped storage developments, which are also part 
of the generation expansion plan, the investor-owned utilities are 
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asses8ing the viability of such developments, on an on-goina basis. 
For some time to come, it will be economic to 8upply electricity from 
the present oil fueled plants to run these unite. Of ,course, to the 
extent that these pumped Itora,e plants exist, it will be best to 
utilize the most ef~icient unlts to pump them, thus increasing the 
need to run units such as Roseton and Bowline. 

Response 

There is no intent in the analysis presented in the DES to imply 
that gas turbines would be used to replace the power generated by the 
Bowline Point or Roseton stations in the event of operat~ons being 
suspended at these station.. What is aS8umed in the analysis (para
graph 6.75 and 6.86 of the FES) is that replacement po-.er would be 
supplied from all sources controlled by the Hew rork P~r Pool. It 
is assumed that the major portion of ~he replacement pow.r would be 
derived from ste .... electric .facilities which make up th4! largest part 
of the &snerating capability available to the Pool. Since ·this is 
likely to involve an increaaed usage of older, les8 efficient equip
ment to meet base load, the energy and cost penalties discussed in 
response to a previous comment are given in the analysis. 

It may be well to note that the economy and reliability of 
supply associated with the continued, unencumbered operation of 
the Bowline Point and Roseton generating stations are recognized as 
benefits in this analysis (Paragraphs 6.06 and 6.78 of the FES). The 
loss of these benefits is considered as one of the consequences of 
suspending operations at the two generating stations until closed 
cycle systems can be installed. This loss is next contrasted to the 
benefits to the aquatic ecosystem of the Hudson River lstuary ex
pected to result from a tellporary suspension of operations. In both 
the case' of the Bowline Point and the Roseton Stations, such benefits 
to the aquatic ecosystem are taken to be negligible. Accordingly, 
further investigation into the question of whether a suspension of 
operations at the two stations would lead to interruptions in 
customer service is considered unnecessary. 

In the context of an indefinite suspension of operations, or 
abandonment of the Bowline Point and Roseton generating stations, the 
economic penalties consid.r.d in connection with a teaporary suspen
sion of operations are inconsequential in comparison tQ·the current 
worth of the plants and the cost of replacement capacity. 
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C01llllent 19-125 

Utilities believe, therefore, that from a long-range planning 
point of view: 

1) The availability of actual reaerves will, in practice, 
closely approach the fundamental level required for 
reliability, and excess reserves will not be available 
for large purchases. 

2) The social implication of increased energy costs to 
consumers cannot be ignored in the evaluation of alter
nate electricity supplies to consumers. 

3) The relatively efficient and economical Roseton and Bowline 
plants are cost-justified and must be run for the benefit 
of the consumers and the improvement of the economic envi
ronment. 

4) Gas turbines are not a viable alternative for required 
base-load generation nor is the development of pumped 
storage facilities • 

Response 

Detailed responses have been given previously on the need for 
the Bowline Point and Ioseton Generating stations. 

COlDlllent 19-126 

As to the Roseton Plant and Central Hudson Participation: 

Load and capacity data used in the subject DES were largely 
drawn from the Long-Range Plan presented to the New York Public 
Service Commission in 1976. 'Ibis pla~ is updated annually and each 
year a formal presentation is made. 'Ibe 1977 Plan contains further 
modifications. In this iterative process, Central Hudson has made 
changes in its load and capacity program, but more importantly, in 
1977 has modified its agreement to participate in the ownership of 
Rose ton, responsive to the decline in its anticipated load. It is 
also important to be aware that as part of the Roseton Agreement, 
Central Hudson has agreed to purchase seasonal capacity -in specified 
amounts frOb the other owners of the plant. Roseton generation, 
therefore, constitutes a substantial share of capacity utilized to 
serve Central Hudson's customers. 
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The contention is made on page C-24 of the DES, that Central 
Hudson could maintain adequate/reserve margins through 1980 without 
Rose ton, except in 1978; and that in 1981 and beyoad, the contribu
tion from Roseton is required to maintain these reserves. 

Ib18 c01lteQtion 18 erroneou8 aUd 1li8leadina. • review J)f ~en
tral Hudson'. curr...ely .wp-proved load add capacity projection shows 
that, withoUt Roeeton, very,suhauDtial pneration deficiencies will 
occur in the Central Hudson system. Ibis erreDeOU8 conclu8io'n seem
ingly developed from a lack of understanding by the authors of the 
DES of the COlltraet purcha'" frOli ,Con Edison and Niagara Mohawk. 
These purdi.ses are lIasedon purchases of &08eton seneration through 
agreement with the otberowners of the Roseton Plant. The elimina
tion of Roseton for use by Central Hudson not only eliminates the use 
of itS 8hareof owae1'8hip in the plant, but the UM of its committed 
seasdnal purc::ba8.' fr·om the jOint tenants. ' The SWI of tbua two 
portions of Roseton generation, if reaoved frOlaCentralBudson' s load 
and capacity schedule, would produce extremely large deficiencies. 
It would be expensive for Central Hudson's consuaers if Central Hud
son had to purchase generation to make up for the loss of generation 
from Roseton. 

Response 

An examination of Central Hudson's long-range plans developed 
subsequently to the 1976 plan (New York Power Pool, 1977; 1918; 1979) 
confirms the observation made ill this ComJDellt that capabili ty Iche
dules including net capacity transactions among members of the New 
York Power Pool are modified periodically in response to updated 
predictions of peak load and other pertinent factors. Information on 
the 1976 plan given in Table C-4 in Appendix C of the DES indicates 
that net capacity transactions make up a considerable portion (20 
to 30 percent) of Central Hudson's total capability through the year 
1980. The data given appl1 •• ' to the winter months since predictions 
made at that time showed a somewba't htaher peak load occurriDl in 
winter than in the preced:lag s~r. 

Plans developed in later years show subatantivechanges from the 
1976 plan. The 1979, or latest plan indicates that the Central Hud
son system will be a net exporter of power in the winters of 1980-81, 
1981-1882 and. ·1982-1983 and that net purclla.s of power will make up 
14 to 25 perce1lt ,of Central. Hudson's total. capability in the .uaaers 
of 1979 through 1982 (New Y~rk Pover Pool, 1979). Projection now 
indicate that the systea will be sUlUler peald.na although the peak 
loads experienced each sua .. r will not be vastly greater than the 
peak load experienced during the following winter. 
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A part of Central Hudson's summer purchases of capacity will be 
from the Niagara Mohawk System (New York Power Pool, 1979) and could 
be derived directly from the Roseton Generating Station. Clearly, 
this capacity would no longer be available for purchase if the 
operation of the Roseton station were to be considered adequate for 
present purposes to assume that replacement capacity would be made 
available from other sources within the Pool. The major thrust of 
the present comment appears to be that electrical energy generated by 
the replacement capacity would be more costly than energy generated 
by the Roseton facility. This point has been discussed in response 
to previous comments. 

Comment 19-127 

Furthermore, the DES implies a similar situation at Bowline. 
If those units are removed from service, the apparent reserves drop 
drastically and any opportunity to purchase capacity would only be 
from old, inefficient units or from gas turbines. Such an alter
native, and its drastic economic impact on consumers in the Hudson 
Valley, is not worthy of suggestion. 

Response 

Responses to previous comments effectively address the point 
raised in this comment. 

Cpmment 19-128 

Generation planning by Central Hudson, in conformance with the 
target plan of the Power Pool, allows for the situation which would 
exist if units were delayed, thus recognizing one of the contingen
cies described previously. While the potential for excess capacity 
exists, reserve levels are believed to be within reason and to con
form to the Pool concept. 

Central Hudson, relying solely on oil fuel, must seek ways to 
minimize the economic impact of energy costs on its customers by 
reducing, to the extent possible, the cost of energy. The solution 
at hand is to operate the Roseton plant for the economic benefit ot 
its customers and, to the degree that it is able, to sell energy 
from this plant to other utilities facing higher production costs. 

Provision of capacity to meet load requires an analysis of the 
kind and character of generation facilities and their overall costs. 
One cannot simply add and subtract numbers on a load and capacity 
sheet and thereby arrive at a conclusion about overall society bene
fit. 
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Therefore, it is believed that the DES, through a misreading of 
available data, has reached. the the erron.ous conclusion that Ro.eton 
will not be required for the' benefit of custoaers aDd that substitute 
capacity may be secured from the Pool until 1981. A correct under- , 
standing and evaluation of the data should reach the opposite conclu
sion. 

The correct conclusions are: 

1) That Roseton is a more modern and efficient and less costly 
plant to run than many presently owned by the members of the 
Power Pool; 

2) That Roseton constitutes a substantial portion of the 
- installed capacity of the Pool and not running it will 

reduce the reliability of the Pool; 

3) That Roseton capacity forms a large portion of generation 
available to Central Hudson and, in the absence of Roseton 
capacity. Central Hudson would be forced to purchase large 
blocks of capacity and energy; 

4) That substitute capacity would be expensive relative to the 
operation of Roseton and would be a substantial economic 
burden on the consumers of the Hudson Valley; 

5) That Roseton capacity is some of the least expensive ca
pacity owned by Con Edison and must be run for its account 
to alleviate the costs of electricity in the metropolitan 
area; 

6) That Roaeton capacity and operation produces socio-economic 
benefits to a broad population and is particulary helpful 
to the custoaers of Central Hudson; and because of its re
latively lower fuel cost, Roseton should be run as much as 
economically possible to maximize its benefits. 

Response 

The.e conclusiOQ8 essentially s~rize the comments made previ
ously in connection with the need for the Roseton station. No fur
ther response is given here. 

Comaent 19-129 

As to the Bowline Plant and Orange and Rockland Participation; 
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In Appendix C, the Corps has superficially developed charts C-6 
and C-7 showing Orange and Rockland, Central Hudson and Con Edison's 
capacity and reserve generation with and without Bowline and Roseton 
capacity. These incorrect tables cannot be used when reviewing the 
present capability of the companies. In Table C-7, for example, the 
Corps indicates that Bowline accounted for 53.5% of the total energy 
of the Orange and Rockland system in 1975. This is far in excess of 
the percentage of the total Orange and Rockland generating capability 
represented by Bowline capacity. In 1975, Bowline generation con
sisted of 38% of the Orange and Rockland installed and contracted 
capacity. Thus, Table C-7 clearly shows that the generation from 
Bowline for the Orange and Rockland system is considerably in excess 
of the Bowline percentage of capability. Table C-6 is a superficial 
compilation which ignores the fact that the Bowline generation (in 
megawatt hours) to the Orange and Rockland system is considerably 
more than Bowline's percentage of capacity for the Orange and Rock
land system. This indicates that Bowline is a base loaded, highly 
efficient generation source for Orange and Rockland, and that it 
cannot be simply ignored and deleted from Orange and Rockland 
capability without serious economic and electrical consequences. 

Response 

Tables C-6 and C-8 (not Table C-7) in Appendix C of the DES 
provide information on the reserve margins of the contribution of the 
Bowline Point and Roseton generating stations. The conclusions drawn 
from this information and set forth in Chapter 6 and Appendix C of 
the DEIS are that Orange and Rockland would be unable to maintain 
adequate reserves over the decade 1976 to 1985 without the Bowline 
Point Station, as would Central Hudson and Niagara Mohawk without the 
Roseton station. On the other hand, reserve margins in the larger 
Con Edison system as well as the New York Power Pool evidently could 
be maintained at acceptable levels over the same period with the loss 
of either the Bowline Point or the Roseton stations. It may be well 
to note that minor corrections have been made in the third paragraph 
of page C-24 of the PES to give a more accurate representation of the 
data contained in Table C-8. 

Specific conclusions drawn from Table C-7 which relates to the 
Bowline Point Generating Station, are set forth in the first para
graph on page C-24 of the DES. Among these is the statement that 
in 1975, energy generated by the Bowline Point station represented 
53.5 percent of the total energy generated by the Orange and Rockland 
System while capacity derived from the Bowline Point station repre
sented 39 percent of the systems total capability and 44 percent of 
its base load capability 

9-93 



As indicated in responses to previous comments, there is no 
explicit statement in the analysis nor any intent to imply that 
the operation of the Bowline Point station could be suspended with
out economic penalty. With respect to interruptions in customer 
service, it is assumed in the analysis that resources available to 
the New York Power Pool would be made available to avert serious 
consequences. 

Comment 19-130 

The substitution of alternate sources of generation to replace 
prime energy that is suga4.sted here and elsewhere in the DES (Chap
ter 6) would have substantial economic impacts on Orange and Rock
land's customers. The fact is that the production cost of Bowline 
generation is the lowest iu Orange and Rockland's system (after 
purchase of a small megawatt increment from the Fitzpatrick Nuclear 
Plant). Therefore, Bowline runs first and longest and would be the 
last to be taken off in a production operation. Any suggested oper
ating mode of."last on, first off' would result in unjustifiable cost 
penalties to Orange and Rockland's customers. 

Response 

The "last-on-first-off" mode of operation of the Bowline Point 
Generating Station is considered in the context of possible restric
tions that might be imposed on the operation of the station. For 
reasons stated in the DES, it is impossible, at present, to estimate 
with any degree of certainty the net advantages that the aquatic 
ecosystem would derive from restrictions of this type. As indicated, 
there would be monetary and energy penalties attendant to restric
tions on the operation of the generating station. 

Comment 19-131 

The development of Tables C-6 and C-8 completely ignores the 
fact that each company has different daily, weekly, monthly and 
annual load factors; that each company has varied components of 
existing generation; that all companies are not allowed to burn oil 
with the same sulfur content; that each company has varied incre
mental production costs; and that each company has varied generating 
unit minimum load constraints due to indivudual system conditions. 
The only appropriate way to evaluate alternate generation expansion 
plans is through the systematic analysis of the entire electric 
system and sensible alternate plans. 
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Response 

Tables C-6 and C-8 constitute only a part of the analysis of thE! 
need for the Bowline Point and Roseton Generating Stations. Varia
tions in load and other pertinent factors are considered to the ex
tent necessary to characterize (1) the benefits associated with the 
continued operation of the stations, (2) the costs associated with a 
suspension of operation of either station and (3) the benefits to the 
aquatic ecosystell of the Hudson River Estuary stemming from. the 
expansion of operation of the stations. As discussed in previous 
cOllDlents, these benefi ts to the aqua tic ecosys tea, referred from 
the analysis related to striped bass are taken to be negligible if 
the suspension is temporary and saall if the effects of a permanent 
suspension, or abandoment, of the stations are compared with the 
effects of operating the stations with closed cycle cooling. 

COlDllent 19-132 

The correct conclusions are: 

1) It is totally untrue that the simple elimination of Bowline 
and Roseton from the capacity of the companies involved has 
a negligible effect on their capacity and energy capabili
ties and their ability to meet their loads. 

2) The proposed elimination of Bowline and Roseton from the 
capacity of the companies involved is a gross oversimpli
fication and ignores the fact that these plants are base 
loaded, low cost generation and that the elimination of 
their capacity would have a major impact on the capacity 
of the utilities involved. 

3) The installation of gas turbines in the magnitudes suggested 
would not be an economic alternative to continued operation 
of Bowline for Orange and Rockland. Orange and Rockland has 
developed a generation expansion plan which allows for the 
installation of some gas turbine capacity in later years to 
meet deficiencies. This will result in a favorable basel 
peaking mix. However, the premature installation of ·gas 
turbines would preclude the achievement of an economic 
generation mix and result in economic penalties. 

4) Technically, the substitution of peaking generation units 
for base load units ignores the realities, both of the 
long-term operating conditions of the two types of units 
and of system requirements for energy. 
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Response 

These conclusions essentially sUll1l8rize previous cOll1lents and 
no further response is given here. 

CODllllent 19-133 

In addition to the erroneous and misleading conclusions reached 
by the Corps regarding the planning for and operation of t'e8e plants, 
a comment appears on page 0 ... 31 of the DES (lnt line, double asterisk) 
concerning the review of sites along the Hudson River by the Power 
Authority of the State of New York, which concluded that "closed-cycle 
cooling was found to be a prerequisite in all nine cases" .. 

Utilities do not -believe that this "conclusion" should in any way 
influence the subject case for the following reasons: 

1) The studies were not made with the depth of data which has· 
become available in the subject case; 

2) The economic parameters utilized by the Pover Authority are 
different from those used by the companies involved in this 
case; costs incurred hy the Power Authority do not have the 
same impact on customers as do costs of investor-owned 
utilities. 

3) Several of the sites listed are not, by any means, equiv
alent to Roseton or Bowline in water availability. In fact, 
some are inland from the River, which in itself precludes 
the use of once-throuah COOling. Some are adjacent to 
shallow water, while others are in the northern reaches of 
the River where sufficient water does not exist to support 
once-through cooling. 

The insertion of this reference i8 gratuitous and not germane to 
this case. Purthe l'IIlOre, the selection of a conclusion out of context 
is deceptive. This statement seems intended to bias the reader's 
thinking and should not be part of the environmental impact statement 
unless all of the facts which tlictated the selection of closed-cycle 
cooling at the proposed Power Authority sites are also presented and 
shown to be equally applicable to loseton and Bowline. 

Response 

The second footnote on page C-3l of the DES has been deleted. 
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Comment 19-134 

Utilities take issue with the degree and nature of contribution 
of striped bass to the Atlantic fishery suggested on pp. D-9 to D-I0 
(for more complete information, see McFadden, 1977 at Section 7.10). 

Response 

This discussion has been modified in the PES to include the 
results reported by McFadden (1977). 

Comment 19-135 

- Third Paragraph under Air Quality, page S-5 of Appendix E of the 
DEIS. The cooling towers determined to be appropriate by Central 
Hudson if cooling towers are for Roseton have a height of 390 feet 
above base elevation Which is approximately 80 percent of the height 
assumed in the DES analysis. A modeling analysis utilizing the speci
fied tower characteristics as to height and emission rates, conducted 
for Central Hudson, indicates the potential for ground level, cooling 
tower induced fogging during about 85 hours in a year When meteorolo
gical conditions correspond to those experienced in 1975. This analy
sis is included in the evidentiary material submitted to EPA Region II 
on July 11, 1977. A copy of this analysis has been furnished to the 
Corps (Central Hudson, 1977b). 

Response 

The correct cooling tower parameters have been used in the FEIS. 

Comment 19-136 

Last Paragraph under Air Quality, page S-6 of the Appendix E of 
the FEIS. The DES analysis assuaed cooling towers approximately 30 
percent higher than those specified for Roseton. In addition, the DES 
analysis assumed salinity levels (100 - 800 ppm) in the cooling tower 
makeup water, Which are apparently meant to be representative of an 
average year when the salt front is well south of Roseton. During 
drought years the salt front moves north of Roseton and River 
salinities as high as 2,600 ppm have been observed under such 
conditions. Use of the lower tower height and the higher salinities 
representative of drought years would result in substantially higher 
indicated salt deposition rates. 
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Response 

The correct cooling tower parameters and drought year salinities 
have been used in the PElS. ' 

Comment 19-137 

The circulating water pumps discharge into a 12-ft.-square 
chamber, not a 9-ft.-square chamber as stated on page 3-8 in Appendix 
E of the DElS. 

Response 

Comment noted. 

Comment 19-138 

The flow rate should be 1428 cfs, not 1462 cfs as stated on page 
3-14 of Appendix E of the DEIS'. 

Response 

Comment noted. 

Comment 19-139 

The maximum gross generat10tt of Danskammer on oil firing (the 
case since 1971) is 494 megawatts, not 530 megawatts as stated on page 
D-l of Appendix E of the DEIS. 

Response 

Comment noted. 

Comment 19-1«) 

The maximum generation for the total Roseton power plant was 
approximately 603 gross megawatts (not 110 megawatts as stated on page 
D-2 of Appendix E of the DElS) during the entirety of the two simula
tion periods. However, the assumption that both units were never in 
operation at the same time is correct. 

Response 

r.omm~nt noted. 
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NATIONAL AUDUBON SOCIETY 

C01llllent 20-1 

Our position is one of total support for the findings and con
clusions of Oak Ridge National Laboratory. Their analysis of work 
done by any number of environmental consulting firms shows that too 
many of these companies have done inadequate work on the Hudson. 

The tragedy here is that the utilities have accepted this work as 
being the final word. Environmental groups have long maintained that 
studies done on the river under contract to the utilities were, by 
their very nature, flawed. 

Response 

A discussion of the adequacy of the data presented by Utilities 
regarding entrainment, impingement, and long term impacts to fish pop
ulations begins at paragraph 4. • This discussion summarizes the 
work of Oak Ridge National Laboratory as well as other consultants to 
the U.S. Environmental Protection Agency. 

Comment 20-2 

An example of OINL' s thoroughness can be found in their critique 
of work done by LKS (ORNL/TM-5877/U2 page S-8 Section S.3.5 para. 3). 
No coalition of environmental organizations could have funded such a 
study as this (ORNL). 

Response 

The analysis presented in the document cited, which was repro
duced as part of Appendix E in the Draft Environmental Impact State
ment, has been superceded by additional analysis carried out by the 
Oak Ridge National Laboratory and other consultants to the U.S. 
Environmental Protection Agency since the publication of the Draft 
EIS. The findings of these new analyses have been incorporated into 
the Final Environmental Impact Statement. 

Comment 20-3 

We ask that you support the findings and conclusions of the Oak 
Ridge National Laboratory. 
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Response 

The Corps of Engineers will consider all relevent information in 
determining the appropriate decision regarding the points at issue. 

NATURAL RESOURCES DEFENSE COUNCIL, INC. 

Comment 21-1 

The DEIS properly points out that even with sophisticated com
puter modeling the decision that DUst be made still revolves around a 
policy determination of how much risk to the fishery should the public 
be req~ired to take. 

Response 

A discussion of the adequacy of the data available for de
termining the impact to the fishery begins at paragraph 4. • 

Comment 21-2 

The decision, then, comes down to a judgment by the Corps of 
risk. Will the Corps of Engineers accept the risks presented by the 
power plants, plus other likely water withdrawals, when alternatives 
exist which, although costly, are yet well within the financial 
ability of utilities? 

Response 

The Corps of Engineers must consider all reasonable alternatives 
in determining the appropriate decision regarding the intake permits 
at issue. 

Comment 21-3 

The Draft EIS's major deficiency is its failure to propose a de
cision or state a criteria for decision. While we understand this 
procedure is perhaps sanctioned by CEO guidelines, it is unfortunate 
that in a case of such complexity the Corps did not present for public 
comment a proposed decision as well. 

Response 

An environmental impact statement is not the decision document 
itself, but rather is a neutral disclosure document of environmental 
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impacts associated with a proposed action. Environmental impacts are 
then considered along with other relevant factors in the decision 
process. Corps of Engineer regulations presently prevent the stating 
of a decision in the impact statement. 

Comment 21-4 

The Utilities expressly agreed and accepted their construction 
permits on their agree1lent that the plants were to be constructed at 
thier riSk and that there should be no consideration in the EIS of the 
fact that the plants were already constructed. The DEIS cost analysiS 
is therefore incorrect when it shows retrofit costs, shutdown costs, 
inflationary costs, and the like. The Corps must examine costs solely 
as if the plants were not built and as if the cooling towers were part 
of a new plant. 

Response 

The analysis of impacts must describe the actual costs associated 
with the construction of cooling towers at Bowline and Roseton. Since 
such construction would require retrofitting the power plants as now 
operating, the analyses cannot pretend that such is not the case. It 
is true, however, that the Utilities accepted the risk that, should 
cooling towers be required in the future, their costs would be con
siderably greater. 

Comment 21-5 

The court order commands a decision for both Bowline Point and 
Roseton. The Corps cannot delay its decision. 

Response 

The Corps of Engineers will make a decision in accordance with 
the schedule required by the court. 

.. 

Comment 21-6 

Because the utilities are vigorously contesting cooling towers at 
all sites, on legal as well as factual grounds, and because the Corps 
cannot discount the possibility that the utilities will be successful, 
the Corps can consider only the worst case in evaluating risk. 
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Response 

A worst case approach has generally been used in the analyses in 
the FEIS. 

Comment 21-7 

The action being considered by the Corps is the granting or a 
permit to allow construction of intake and discharge structures re
lated to two power plants. HRFA does not oppose allowing the neces
sary construction but vigorously contends that adequate and available 
means to mitigate the volume of water withdrawals must be imposed. 

Response 

Comment noted. The Corps of Engineers will consider all relevant 
information in making its decision. 

Comment 21-8 

There is a substantial rilk that the adult striped bass popula
tion will be reduced by more than half if Hudson River plants con
tinue to operate as they do at present. 

Response 

Material submitted by the u.s. Environmental Protection Agency 
as testimony in the on-going adjudicatory hearings indicates that 
available data are generally inadequate to predict long-term impacts 
to adult fish populations (see discussion beginning at paragraph 4.). 

Comment 21-9 

Although there are huge gaps in the knowledge of effects upon 
other species, the available information is highly suggestive that the 
harm to certain species will be even greater than the harm to striped 
bass. 

Response 

See response to comment 21-8. 
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Comment 21-10 

Compensation by the fishery has not been shown and, as evaluated 
by Oak Ridge, could not possibly be of the magnitude suggested by the 
utilities. Furthermore, there is no evidence that other means of 
mitigating the harm to the fishery are effective. 

Response 

Compensation has not been clearly demonstrated in the fish popu
lations of the Hudson River (see paragraph 4. ). Other means of 
reducing entrainment and impingement are possible, but studies of 
their effectiveness have not been carried out on the Hudson River (see 
Chapter 6). 

Comment 21-11 

The DEIS does not clearly state what is the proposed action for 
which it has been drafted. 

Response 

The actions available to the Corps of Engineers are (1) to retain 
unaltered the present permit and related conditions, (2) modify the 
permit through the imposition of additional conditions, (3) suspend 
the permit, or (4) revoke the permit (see paragraph 6.01). 

Comment 21-12 

It is one thing to ask, as the DEIS does, whether it is justified 
to compel the utilities to spend $100 million each for cooling towers. 
It is quite another to ask, in connection with allowing the construc
tion of of beneficial power-generating plants costing $250 million 
each (with a replacement value of $1 billion each), whether the Corps 
is justified in requiring the owners to minimize environmental risks 
by restricting the volume of water intakes. The manner in which the 
issue is phrased in the the DEIS suggests that the only concern is 
additional restrictions rather than minimizing impacts in connection 
with granting the overall application. 

Response 

The duty of the Corps of Engineers is to evaluate the impacts as
sociated with the operation of the Bowline Point and Roseton Generat
ing Stations in conjunction with other power plants on the Hudson 
River. The decision of the Corps must be that which best serves the 
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public interest. The options available to the Corps in deciding on 
the appropriate action to take on the permit request for placing of 
cooling water intake structures in navigable waters have been given 
above in the response to Comment 21-11. 

Comment 21-13 

The need to minimize withdrawals of water is established in the 
showing of the severe environ_ntal risks in the DEIS. This is so 
even with the DEIS's failure to quantify even minimally the risk to 
the fishery from once-through cooling. 

Response 

The Corps of Engineers disagrees that no attempt has been made in 
the EIS to quantify the risk to the fishery. The difficulty in carry
ing out such an analysis has been discussed beginning at paragraph 4. 

Comment 21-14 

The Corps should allow the permit, but condition the construction 
to limit the water withdrawals in order to minimize the substantial 
environmental impacts of the impingement, entrainment, and thermal 
discharge. 

Response 

Comment noted. 

SAVE OUR STRIPERS, INC. 

Comment 22-1 

Computer modelling: Computers are excellent tools but they only 
do what the human programmer tells them to do. All model projections 
should be considered suspect because in most cases the data are from 
only two years. The model fails to account for peaks and valleys in 
the cycles and in most cases the model did not take into considera
tion all the plants that affect the species. 

Response 

The Utilities Real-Time Life Cycle model and the U.S. Environ
mental Protection Agency Empirical Transport Hodel include the effect 
of all power plants that have the largest potential for effecting 
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striped bass eggs, larvae, and juve·niles. The utilities model in
corporates stochiastic model events into the model. A discussion of 
the usefulness of these modeling efforts begins at paragraph 4. 

Comment 22-2 

The two major problems are Indian Point and Bowline. Insisting 
that these two have closed-cycle cooling systems would solve the bulk 
of the problem. 

Response 

Comment noted. 

Comment 22-3 

The independently sought data points in the direction of closed 
cycle cooling in one form or another. Dry cooling seems to be im
practical for large plants, but evaporative systems would seem to do 
well. We believe that on the strength of existing evidence some form 
of closed-cycle cooling system for Bowline and Indian Point is abso
lutely necessary. 

Response 
\ 

The environmental impacts of use of evaporative cooling towers is 
discussed in the YES beginning at paragraph 4.85 • 

Comment 22-4 

As much thought should be given to the protection of other 
species and habitats in the Hudson as you have for the striped bass. 
Sections two and four show that power plants are affecting wetlands, 
plankton productivity, and other fish such as anchovies which may have 
an effect on total food supply available for striped bass. (Sections 
2-33, 2-56, 2-58, 4-110, 4-57, 4-64, 4-66, etc.) 

Response 

Total loss of wetland areas from construction of existing power 
plants is not known, but 60 acres were filled in construction of 
the Bowline station (see paragraph 4.112 of the FES). Impacts to 
phytoplankton productivity are expected to be slight (see paragraph4. 
1630f the FES). Presently available data on impacts to white perch, 
Atlantic tomcod, American shad, Blueback herring, and shortnose 
sturgeon are discussed be.ginning at paragraph 4. 173 of the FES. 
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Comment 22-5 

Texas Instruments studtes comparing the :relative contributions of 
the Hudson River and Cheasapeake Bay to the Atlantic fishery should 
not be used as an argument to attempt to dismis8 the Hudson River's 
contribution as unimportant. Chesapeake production has been excep
tionally poor since 1970. In this light the Hudson's contribution is 
of vast importance. 

Response 

A revised analysis of the contribution of Hudson River striped 
bass to the Atlantic fishery is given in the FES beginning at para
graph 4. 242 • 
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SUMMARY 

BOWLINE POINT GENERATING STATION 
BA VERSTRAW, NEW YORK 

( ) Draft (XX) Final Environmental Statement 
• 

Responsible Office: Department of the Army 
New York District, Corps of Engineers 
26 Federal Plaza 
New York. N.Y. 10007 

1. Nature of Action: (XX) Administrative ( ) Legislative 

2. Description of Action 

The New York District, Corps of Engineers is ~onsidering several 
alternative actions in connection with the continued operation of the 
Bowline Point and Roseton Generating Stations. Both stations are in 
full commercial operation within the electrical supply system of the 
New York Power Pool. Permits authorizing the construction of intake 
and discharge structures and other activities related to the construc
tion of these stations were issued by the District in 1970 and 1971. 
The District now has legal obligations to evaluate the environmental 
impacts of the Bowline Point and Roseton Generating Stations and to 
determine the appropriate course of action regarding their continued 
operation. Alternatives available to the District are (1) to retain 
unaltered, (2) to modify, (3) to suspend or (4) to revoke the permits 
issued by the District. 

3a. Environmental Impacts 

The environmental impacts associated with each of the alterna
tives enumerated above are described in the present statement. The 
analysis of impacts encompasses the cumulative effects associated 
with all existing power plants on the Hudson River. In 
the analysis of cumulative effects, particular attention is directed 
towards the Bowline Point and Roseton Generating Stations, both 1,200 
megawatt oil-fueled power plants on the Hudson River located. respec
tively, at Haverstraw and Newburgh, New York. 

Operation of the Bowline Point and Roseton power plants entails 
t~e consumption of fuel oil and the withdrawal of water from the 
Hudsor. River for condenser cooling and other station purposes. Both 
stations release airborne and waterborne contaminants and generate 
noise and small quantities of solid wastes. The power plants are 
cun!'"ptcuous features in their respective settings •. Substantial ~ 
property taxes accrue to the localities in which the generating sta
t LOl,S are situated. 



3b. Adverse Environmental Impacts 

Concern over the power plants sited on the Hudson River has 
centered primarily on potential adverse impacts on the aquatic 
ecosystem resulting from the operation of these plants. Impacts 
are associated principally with the entertainment of fish eggs and' 
larvae through the power plant cooling systems and the impingement 
of juvenile fish on devices ~sed to screen the water at the condenser 
intakes.. Extensive research and field surveys over the past several 
years have been oriented heavily towards potential effects on striped 
bass (Monroe saxatilis). Notwithstanding these efforts, the extent 
to which the adult fish stocks witgin the Hudson River might be 
reduced if all existing power plants continue to operate with once
through cooling systems remains a ma~ter of controversy. Staff 
members of the Utilities and their consultants have estimated the 
long-term reduction of adult stocks of several fish species to be 
as follows: 

Striped bass - 2.6 to 10.8 percent 
White perch - 0.2 to 14.0 percent 
American shad- 0.1 to 4.0 percent 

The staff of the U.S. Environmental Protection Agency, Region II and 
their consultants have reviewed the Utilities analyses. They have 
concluded that there are sufficient uncertainties about the quality 
of the data from the Hudson River and the applicability of the theory 
of population dynamics which is the Utilities' basis for predicting 
long-term impacts to cast considerable doubt on the validity of the 
entire Utilities' analysis. The staff of the U.S. Environmental 
Protection Agency has made no estimates of their own of the magnitude 
of potential long term impacts to fish populations, but analyses 
carried out by their consultants indicate that reductions in fish 
populations could be much greater than those predicted by the Utilities. 
The installation of evaporative close-cycle cooling systems at certain 
power plants on the river would reduce but not entirely eliminate the 
destruction of aquatic organisms from entrainment and impingement. 

Monitoring of air quality in the area surrounding the Bowline 
Point station has revealed no instance when the ambient air quality 
standards of New York State have been exceeded since the initial 
operation of the plant. Monitoring at the Roseton station has shown 
that the New York State standards for ambient concentrations of sulfur 
dioxide are beinl exceeded occasionally. In addition, the Federal 
secondary standard for suspended particulates is being exceeded 
occasionally. Numericalsiaulations show no evidence of substantive 
cumulative effects on ambient air quality arising from the operation 
of the power plants on the Hudson River. 
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Numerical simulations indicate that water temperatures in excess 
of New York State criteria could occur in the Hudson River as a result 
of the cumulative thermal discharges from existing and proposed power 
plants. 

Installation of closed-cycle cooling systems at the Bowline Point 
and Roseton stations would increase noise levels off site. In addition, 
the use of cooling towers could potentially cause icing and fogging in 
their vicinities and the formation of acidi~ mist from interactions of 
the tower plume an~ stack emissions, although the probability of these 
events occurring is expected to be low. The potential exists for damage 
to vegetation from salt drift from a cooling tower at the Bowline Point 
station but is unlikely in the vicinity of the Roseton station. The 
visibility of the power stations would be increased substantially by 
closed-cycle cooling systems, particularly if natural draft towers 
are installed. 

4. Alternatives 

Alternative actions that might be implemented with respect to the .~I ~_ 
continued operation of either or both the ,Bowline Point and the Roseton ~~ 
generating stations are: ~~~ 

;::!£i.;7 
(1) 

(2) 

(3) 

(4) 

To retain unaltered the permit and related conditions as 
issued by the District, 
To modify the permit through the imposition of additional 
conditions relating to the operation of the station, 
To suspend the permit until closed-cycle cooling or other 
modifications are installed, 
To revoke the permit, forcing the abandonment of the 
station. 

5. Comments on the Draft Environmental Statement Requested From 

Federal Agencies 

Advisory Council on Historic Preservation 
Department of Agriculture 
Department of Commerce 
Department of Health, Education and Welfare 
Department of Housing and Urban Development 
Department of the Interior 
Department of Transportation 
Energy Research and Development Administration 
Environmental Protection Agency 
Federal Power Commission 
Nuclear Regulatory Commission 
Office of Economic Opportunity 
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New York State 

, , , 

• 
New York State Department of Environmental Conservation 
New York State Department of Parks and Recreation 
New York S~ate Department of Transportation 
New York State Planning and Deve~opment Clearinghouse 
Power Authority of the State of New York 
Public Service Commission 

Other Parties 

Central Hudson Gas and Electric Corporation 
Consolidated Edison Company of N~ York. Inc. 
Environmental Defense Fund 
Haverstraw Town Clerk 
Haverstraw Village Clerk 
Hudson River Fishermen's Association 
Hudson River Sloop Restoration, Inc. 
'H~dson Valley Au4ubon Society 
Interstate Sanitation Commission 
Hid-Hudson Pattern for Progress, Inc. 
National Audubon Society 
Natural Resourc~.Def~nse Council, Inc. 
Niagara Mohawk Power Corporation 
Oak Ridge National Laboratories 
Ol'ange and RocklandVtilities, Inc. 
Port Authority of New York and New Jersey, Planning and 

Development Department 
Regional ,lan Association 
Rockland County C1erk 
Rockland County Department of Health 
Rockland County P~anning Board 
Save oUr StriperS, Inc. 
Stony Point Town Clerk 
Town of Haverstraw Planning Board 
Tri-State Regional Planning Commission 
Village of Haverstraw Planning Board 
West Haverstraw Village Clerk 

County Planning Departments 

New York: Albany, Rensselaer, Greene, Columbia, Ulster, 
Dutchess, Orange, Putnam, Rockland, Westchester 

New Jersey: Bergen, Hudson 

6. Draft Environmental Statement filed with the Council on Environ-
mental Quality on ______ _ 
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7. Comments on the Draft Environmental Statement Received From 

Federal Agencies 

Department of Agriculture, Forest Service 
Department of Agriculture, Soil Conservation Service 
Department of Commerce, Assistant Secretary for 

Science and Technology 
Environmental Protection Agency, Region II 
Department of Health, Education and Welfare, Office 

of the Secretary 
Department of Health, Education and Welfare, Region II 
Department of Housing and Urban Development, Area Office 
Department of the Interior, Office of the Secretary 
Department of Transportation, Federal Highway Adminis-

tration 
Department of Transportation, Regional Representative 

of the Secretary 

State of New York 

Department of Environmental Conservation 
Department of Law 
Metropolitan Transportation Authority 

Utilities 

Central Hudson Gas and Electric Corporation 
Consolidated Edison Company of New York, Inc. 
Orange and Rockland Utilities, Inc. 

Other Parties 

National Audubon Society 
Natural Resources Defense Council, Inc. on behalf of 

the Hudson River Fisherman's Association 
Save Our Stripers, Inc. 

8. Final Environmental Statement Filed with the U.S. Environmental 
Protection Agency on ____________ __ 
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CIIAft'II 1 

JIIOJIC'r DIICIIft'IOI 

1.01 Tbi. eDviroa.eatal ~ct .tat...at relate. priDcipally 
to the operatioD of the 1Ow1i.. Poiat Ce .. ~.tl.. .tatioa. a power 

_ plaDt located on the Bud ... li.er ia .... r.tr ...... York. eon.ider
atioD i •• i.en to the ~ct •••• ociat.d with the Bowline Point 
.tation and to the cu.ul.tive ~ct. of .11 eai.tia.. ,roject. OD 
the river. The analy.i. pre •• ated ia thi. report foe ..... 1.0 on the 
Ro.eton Gaueratina Itati... • .ecoed ,laat t. ca..erci.l .ervice 
located in levburah .... York. '!he U ••• AftIJ. Corti of",iaeere. 
Rew York Di.trict (th. Dllttict) ha. le,.l re.pOa.l~ltitie. to revi .. 
the Lapact. of oper.tiaa ... Jowli.. Poiat ... the loI.to. .... r.tina 
.tation8 and, in each inetaac.. to det.rai .. the appropriate cour.e 
of action regardinl the coatiaued operac1oe of th ... etat~ •• 

1.02 Por the paft .... 1'.1 ye.r •• eoDCel'll ha. beea .xpr •••• d 
over the oper.tioa of pa.er ,1eat •• ited a1 ... the ~'OD liver. 
This concem ceaC.r ... ~.~ _ ~~.l ..... r ... ffectl that 
each plant a., exert ia.t. . Ity oa .... 1.t1 ... of .trlped ba •• aDd 
other fi.he. of the ... eoa liv.r .... 11 .. th. c~i .. d effect. of 
all of the .. power ,1_t..Accordi.1,. ttae Ii.trict. ia ...... ia. 
the enviro_Dt.l ~~~_!!!.~.~i.aa fr __ t1le opent.iaa of the aubj.ct 
power plantl, h •• 4ev~'--'!rtic.l.r .tt.~'oa to .. tter. releti .. to 
altemation. of the -..tic ... ,ai_ oIa .... oa liver .... to the 
cU8Ulative and 'li.rai.tic ~ff.ct. th.t .. y ari.e fro. the oper.tion 
of exi.ting plin • a .. future .... la,.eat. OIl the riv.r. 

RATUal OF PIOJIC'l AID AU'IIOUft 

1.03 '1'h~ ~Ji. .. ~~~r.ti .. Stetion 11 located in the 
Village of We.t~~"~dI_..!*1 tl •• ~~ of .... r.t-r... Iocklnd 
County. Rev ·York.. '1'Ile .. t_l •. c"ll.&' -.t _.__-1-f .. led Ite. elec
tric leneratinl' .1i .... -nlat .. faciU.t ..... coutructect by Oranae' 
and Rocklan' Utiliti ••• lac. (r.ferred te .. ~ aDd IocklaDd 
throulhout thb 4oC1lMllt) .. !he .... rat1 .. _itl, d •• i_t.d Vaitl 
Ro. 1 and Wo. 2, are eaeb ' .. at. at a ...... 1 600 ...... tt.* u4 are 
currently in ca..ercial .. rwlee. ~ ~i •• Pol.t Ge .. r.tia. 
Station is CMl.d jot.tty'" Or ... a .. Iockl ...... eoa.olidated 
Idi80n CoBpany of ... York (Coa-Idi.oa). 

-Unle.. othervt.e .pacified. th. te .. ....-att .... t .. "a •• att
electric throughout thb doc_at. . 

1-1 



1.04 ,On 18 1ebru.ry 1970, ~""'jaac:l Iockl.nd applied to the 
Diatrict for • Departaent of the Ar., perait under Section 10 of the 
R.iver .nd Harbor Act of 189t~~(I8~ acaC ... 11S,1·;'.IS U.S.C. 403), aeekinl 
authori •• tion to dred e an ialet channel, to inat.ll diacha e iPinl 
a co ... rue • Il001' DI .c . 7, . v a. e v.tera of the 
~daon. ijye~. J.., ~~fU14 ~,:, Jev) '".It. ... .. ,Diltrict prep.red an~ 
clrcula~!I;." ~r.~t r ~r"'''M .t.*Mln.i. (filad With the Council oil 
Env~rq~p~'l· ~~tr·,),n, t\, ~f.""·:' 1'72·) .. 81Ui_, to-, thepropo.ed, 
vork.t& •. Dj~t~~ct, .'b.' ..... Cly~., ... yil •• en. : ... circul.tad the 'r.ft 
enviro",,'''',.i~t.,..,._,.23·4u ... tltla., " .. . 

., . l:q~;::'''''''i't;~,-~.'~~;~:~~_.'·~efI,,;~;d.·,.~t:~.11:,JUI; 1'71. 
co~.tru~ .. ~&i'\ .". ~9..ntw.i",A.i .• '. Un'.' rIo ... l, •• dOllPletetiend. the 
unl~ w'r .. ,.6'fou~t 1~.'O~C"~Cji,'~ •• rviq. ,'.;~'JQIIb'f 1972. 'Vnlt 
No. ,2 .~a. J;r<Mlpt i __ ~ .~~ciai. _erf~e.<}in."y·1t14.· .'. 

-. .. ~ , .,-: .. :..¢A , -,. ." .. ' . 

:;~-',"" !"'-~r;\J''''''''~;''''';; : ,-\l;;· ..... ~~:,·· . ::.~;.: .":.~ . 

1.06 .<Ja.'31 JeCitilMtr t~91~, ~t~~Jlu'" :,.Ir"rria".nea:. ··~.oci
ation, Inc., 'tosether with other pl.intiff., filed. co.plalnt 1n 
~.s. D~~~~ .. ~i.c,t .... ,=,. ~t~~ . .p~.t~~., 0.'. ~,.Io •. ·.(-tIN, Coar.t) .11ea
)RI that t.il •. 1(1 .. ", .. ~1, :01 ~~r ~b.y .. ~. !"'~1",,'oi .. t· nin. for .. , . 
conden.~ ,~~ ·~,~qo~,K.jt~~.t,in ,:-81: .... ,407 ... ·to ,~. ' 
envi~~., . '. lUd,.i,nat~ ... ,"'t."'. Qr 'iili' •• t4cl ....... of 
striPe.;,' ~, • .u •. , .• ~.l .•. w,e .. ~'.J,u~.' 1 .. " .~.;a.. .w..c'i.tfa aU ... d 
furth~t_, _.' ~hapl~.4. ~~b, .~4 ~dM AIbova .. ni01lect 
penal- ~J ",' laj." ~ ',' . '.. y, :. ,'\.... ...... .'." ubtdhioD' 
of.' . ." 1. " .... '..M: ththe . 
requ ~: .. ,J!S- o(~ .. dON' . 1:Y Act of 1969(42 HC, 
4321 ea; .. ~}, .. f·;'''' '. _.. _.: "~:~'1. ." 

~ ~-) .... ~ .;~..... " " -~ ·:;-fl. -.; • ~: 

1.07 On 9 J.nuary 1974, the Court .anctioned • conaent decree 
entered by conaent of the Budlon )liver 1i ....... •• Aa.oci·ai:ioit" aild 
the Di.trict, to,.ther with Oranae .nd Rockland .nd Con Edi.on. In 
~ccord.B~" .. ~t!t .. tJa~., ~~~r 91,,~ HUH.., .. o.r,*- rea LotieU. ware 
1.11 oaed 0 r~' .·.I_a •. ) , " . ". 2· 1'0''''' .rut' .' 0 

. .l974: it"w::tai; :~.~~i.~~t~t -Mf •••. ~9 ~..... ·c rculete .• ···dr.ft 
envircn..~~ .. l ;'~~""i.~t" t! tlae 'COD~tl'1lCUOn ... operat-ioa. of' 
the Bow~.i.R. ;.":~'9.J~ ... ~! ... _ .. at~ •..... 't't~ ... ~~U.r.4· .iD JOftjanction 'nth 
other e~i, •. tt~ ._'.l~."~'f.qJ.J.1t,~.a;loa:.tb. Bub .. )liver. III .' 
re.pon.e tOi~~M(*QYi~~ ... ~e -Ill,trict .h" apooaored a '.tudy* by . 
the' Oak 1t~4,&~"a.c~.~1, ~~~.toq-,,;tq Ivalu.c. tlte .ffecta o·f· ,the . 
Bowline Point Itadon .nd cuaul.ti" •.. ,tf.ct, on (.1) tU popu.l.tion of 
atripped b ••• in the Bud.on aiver, takina into account info .... tion 
that h.s beco.e avail.ble .ince the i •• uance in 1972 of the u.s. 

*A Selective An.lyaia of Pover PI.nt Operation on the Budson aiver 
with Eaph •• i. •. ,Il<ptl\e ao.Line . .hine Gener.tina Station, Oak Ridle 
Rational Laboratory, ORHL/TK-5877; June 1977. 
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Ata.ic BaerlY eo..il.ion'. enviro_atal Itat_at coacamina tbe 
Indiaa Poiat Generatiill 'Statio.. r2) tha tbarut rei- of the Bud.oa 
River .nd (3) ra,io.al .ir q~iity. In ".i~ioa. tha preleat final 
ea!iro~a~al .t.t .... t·', •• 'he~a dayelo,e~ to incorpor.te ~he 
maJor f1ad1na.of the.ltUdy undartakea'Y the Oak aid,e •• t1on.l 
Laboratory aad to pre •• at tle Di.trlct' •• "JYltl of other rel.ted 
i.pact.. The fulltelt pI Sha couaeat,acre, if {pcl,.ad in Appeadix 
B.** -

1.08 A related la,.l actioa coacanl tha lo.etoa Gaaer.tiaa 
Statioa Uait. 10. 1 aad 10. 2 located in the Vi11.,e of loletoa, Town 
of Bevlturah. Or.nae COuty. lev York. ibe It.tion cCMIPrilel tvo 
fo •• il-fueled aitl. with. IlCliIai.nal eoui-.4 c.p.city of 1.200 
mea.vatt., coa.tructed 'y Caatral Budloa ca •• ad 11actric Corporatioa 
(Central Hud.oa) .nd ovued jointly by Cant'r.l . Bud.oa, Coa l4i1oa aad 
Riaaara Mohawk Pover Corpor.tioa (Ii.,.ra MOhawk). On 29 Dece.ber 

the Budlon ' ".ociation.. other l.iatif" 
fjlecl .cop1.ltt ,. u.s ''''tricr Coutte . than Dbtrict of Bev 
York, aUe,i ... thU tke witWr •• l of .. tar ,~y the lo.eton Gauer.tia, 
Statioa for coadeaaer cooliD, purpo.ea ¥pu14 reau1t ia .erioua d .... e 
to the euviraa.ent, i~ludlaa the eatr.i ... at of aublt.ati.l auaher. 
of .triped ba .... ,., 1.n.e aad juveaUa •• 'The pl.iatiffl .Ue,ed 
further that the Dl.trict had ftoa,fullj b.ued • Dep.rtMat of the 
Aray penaituader Sectioa '10 of the livar .Dd BarboI' Act of 1899, 
authorizing Centr.l Bud.oD on 13 March 1910 (witb l.ter ... adaeat of 
the penait oa 20' DeceWber 1971) to COll.truct vithia the DAviaable 
vater. of the Bud.oa livar cert.ia f.cilitie. rel.ted to the Ro.eton 
Gaaeratiaa Statioa, ia th.t illuaace of thi. pentit h.d DOt beea 
preceded by the aub.i •• ion of .a euviro ... Dt.l ~p.ct It.teaeat ia 
accordaace vith the raquir ... nt. of the .. tioa.l BDviroa.8atal Policy 
Act of 1969. 

*This doc ...... t ia ·dert ... , ia p.rt, fro. • dr.ft eavirODll8.atal 
Itat ... aC .~ttadto the cauDeil on laviroa.8atal Qu.lity oa_ 
23 hau.t 1974, ... ·fraII .. ~ircul.ted final e.virODMatal 
.tateMat prep.red by the Di.tric·t ia JnuAry 1976. 

**Appeadix A iI r ... ned. for cOllliln.ta tcJ tbie dr.ft eaviroa.8atal 
Itatemeat. 
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Pover Cener-a." '~f*}l::)- 'I::; "~,:, ~. , . 
1 ~ 11 The-: 801111'._ "oint~ ceiWr~tlDi 8taticm·~~~i.e. tvo' oil,.. , 

fueled .te .. electric IIneratina uait. of conveational .oder. de.ign. 
each rated at a aominal 600 ..... att.. la~h ~ait con.i.t. of ~ .tea. 
generator,' a turbiH;' •• neiat6r .ft~f ••• ocla~e4 ,awtUiary. aDd control : 
equip.-nt. '. . . ", ,,' 

t • . ~'" " .~). ; ~-

::~::!::~io~~ 
I~'e .... ~~rator . -.te. 

-by tlie 
~ .) .' -' ,. ~.;' 

-*Ha-t-e-r-i-al-i-'i.-th-· i';;".-"~.~ti~: ~~~~~i~~~' ~r_"a- d~-.~riptioa of, t~e 
Bowline Point pr~l •. c;~ J (~a1\P pf 1.o,C;~I~~ .Jfuch~'~~), praper .. 
for Oraage alid '~f~· .. ~~< .. "t~.\ • .1. ·:~.oci.t"., .Ujci .. ~ ia~o ..... tioD 
based on op.1"~~IiI.~.4.~r~ .~ •. Ii •. pz:qv~4,)J ~ ~Ud 
Rockland. Su,p"tWiltatY-Wo: <.~~i~ on ,tha; ,~fi.., Poi~~ ~ .. r~t~ 
i~ Station .a~ .. ~~r.t .. J.R "0IiA~_ ~~~lt.J.e~ '.~; ~ .. ~ Bud.on ' 
R1ver wa. gathered -dUif., a vi.it of the £ac!litl •• -oa 3 aad 4 
Nove.ber 1976 aad .ub.equeat reque.t. for additional iafor.atioa 
from the operator. of the geaerating Itation. on the Bud.on liver. 
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FIGURE 1-1 

THE BOWLINE POINT GENERATING STATION VIEWED FROM THE HUDSON RIVER 



Sour.ce: Orange and Rockland. March 1971. 
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Gener.l Il.ctric ea.,.a,. Altboaab tbe URit. differ in cert.ia tech
aical d.t.ill, tb., .r. pr.ctic.ll, ide.tic.l ta .11 •• pect. r.latiaa 
to tbeir iater.ctioa vitb t.e .aviroa.ent .ad .te tr •• t.d accordinal, 
tbrouahout thil aaal,li •• 

1.13 !be .eaer.tias uaitl op.rate •• te .. c,cle vith a lin,le 
ItAle of reb •• t of the .. ia .t .... Dd liz .t., •• of f.edv.t.r heat
ina. I.ch .te ...... w.tor includ ••• v.t.r cooled furn.c., luper
heat.r, reh.ater, ecoaoai •• r. r ••• aeratl .. air beater., .oot blovina 
equi,.. •• , hurDer a" i .. itio. coatrol a •• -'blie., .ad lntearated 
control .,.t... !b •• t ....... r.tor. are d •• i,aed to deliver at max
i.um coatiauoa. rati .. 4.20 .lllloa pouadl of .te .. per hour at 
1005°, at the .uperb .. ter outl.t aad 3.79 .lllioa poDad. of .team per 
houri at 1005° at the rehe.ter outlet. !b. aaxt.u. au.r.ate.d luper
heater outlet pre •• ure 1. 2600 pound. per .qu.re inch .u.,e. The 
thermal efficiency of the .te .. ,ener.tor .xc.ed. 89 percent. 

1.14 Bach turbiae .... r.tor h •• a ao.ln.l n ... pl.te capacity 
of 555 .. ,.v.tt. at aoai .. 1 throttle .t ... conditioal of 2,400 poundl 
per Iquare inch ,uAle .... 1000·", vith rebeat to 1000·'. The turbine 
,enerator. are t.Dd .. ca.pouad, four flow coaden.ina reheat unitl, 
delianed to oper.te .t 3,600 revolution. per aiaute. 

1.15 Oper.tioa of plant .uxili.ry equi,..nt .uch al pumpl, 
fanl and i.peller. e.t.il. the coa.u.ption of electrical eaeraY at a 
rate of .pproxi .. tely 21 ...... tt.. Tba n.t It.tioo c.pability 
(power deliv.r.d_~o __ ~~. tr~ •• +oa li __ JtaiAlJle Itation) under 
nOrM 1 , f~l~ PG!!r rci~ffi!l cf'r1.10111 1. 1.2C1L ..... att.. 'l'b.e 
overall thana1 .llC ene, of e ,ut ia 35.6 percaat., ...c.ornapoad
ina to a net plant h •• t rate of 9,600 1'l'U per kilow.tt-hour. 

'ue1 Supply 

1.16 The BowUae POiDt ,Derail .. unite are delianed to burn 
fuel oil and natural ,.1 •• an alteraative fuel. Witb lubltantial 
modificationl, the u.it. could he converted to -burn coal. 'acilities 
would haye to be provlded to receiv •• h.ad1e .nd pulveriae the coal 
feed aad .tructural ch ..... vould h.ve to b ... d. to b.ndle the 
increaled alh load. Iqui,..at would h.v. to retrofitted to control 
the eaillioa of airborne p.rticulate .. tt.r. Since the nt h.1 n t 
been deli e 
prohibitioa fro. bu '. b the r.der. IneraY 

par .... t ,."etida 2 of tbe laer., Suppl, .ad lavi
reBBefttel 8ootdltiifion XCt of 1914 (P.L. 93-319 ..... nded by 
P.L. 94-163). 

1.17 The .tatioa current 1, burn. '6 fuel oil lupplied under a 
lona-tera .'r .... at by Rev aa.l ... Petrol.a. Corpor.tion, A.erada
Hell Corporatioa .nd Asiatic P.troleum Corpor.tion. In accordance 
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with. th .. concl~tion, of l ~Ia~ •• ,.1,·,· aon',aol , ;:ab. ,alte· cOnC.at of' of' 
the f"l oil ~. lllJite4 ~. 0_3,- pere •• t' IJ, · •• i. ... t·· 01' ·1 ..... Th ••• h: 
cont.u~of the f~,~, qU.it 0.02 p.rc.nt~.ad·illa •• ra •• h.atini v.lue 
is S.77 .. i1lion BTU per b.rr.l. ~ .. ; .. " . . 

1.18 Th. oo ..... tHaJr.' •. o,t.,..l·oil,.witla Itolih~ .niU op.r.t
ias .t J~~.l"~, .l. 1-'9lr . .l ••• r.la ,..1' Mo.. f 'lilt.' Hrt •• po...to a 
•• xillUlld.U,. (1""It~r.).: ..... .,'i-oa "at. to!j.pp~.x_te11 30,000' 
b.rr.~ ~ ..... ~.n~\I.l;·QQ1I8_tMD ;.f·lO~·ailli_ .• _Nl. at .. overall 
pl.nt 1 ••••• '., of~·0,66 • .'d •• ".aar ... ' •• , ...... c.p.cityprovid •• ·· 
on .it, i.e ·8~O,QQt ur .. "'. , .• ieb. ie, ........ '.'1'0 •• ". t6 oper.te 
both unite .~ fvll -fOWel',for·l1d., •• ·~Ia:.o~l Ci~d~t"C.I.the 
rea~. ~. r.pl ... ~ ..... ey.,,·,l .• Jda:Y'.y·'aupply'bar"'of SS.OOO 
barre 1 c..,.C-ity. ',.' ~ 

Cooling Syatw·. 0. .t.~ '. 

1.1~ .TJl.~U .. "UD', Statio&: c~ o,egt.a Wdl • ·once
thr~por ;~. cycle. ~'.1l~·1IGIQJ.iac .~ •. atJ. .. ·.itb.l'onfi of 
the ... ~~~~i ... u"t«.:t. i.A OItUtI&iOll •. cOGll_ wateri •. withuan con- " 
tinuoual.Y, .f~PIl Bow:li~ .-P.~. ciuu.l.t.dth~ ,th .... i •. comlenler- -. 
and disch.rsed to the o~ alveI' thl'01lP· ••• arged diffu •• ra.·,·· 

1.~.O .,J$ac~ QI, .~ • .:Woi Jll.nt.: aoa.cte .... 1'ItlU.' •• iped to reject. 
he.t _.t i-t"a ~~ 01, ~l"~Wlsltcm- JIJI"PK.hoR.! at' :. ft-owrate·of ';. 
37S,OOO ga~_lPM ,.=_ ...... ~.~.~£~ UI',-' -I. 'actual,· 
pracu.c.:,~ -~l .... ~~. lout - .~~.';ia .. ' 'ned' - -. 
throu . ~ .' "- at 
fu . ,::<'J:4t- obIrre.a DI< ~ectioll' ·r.t-eb 2.14 
billion Btu per~OUC' i&oa •• ela unit. "'" -

1.21 A b.ttery of aix pUllpS, •• ch r.ted .t 128,000 S.llon. ";8r 
minute .~ equipP.d. with • I.S00-horP!liitf IOtor, supplieacooling 
water to thei p1,~, COIl __ ••• "'·: S, · eN': a .... d' in tn i.depen-
dent ae~s ~.~ .......... 0.11", •• nias each, of· ~.' .-eNti •• ' .. 
uni ta ., Und.J: 'no,..1 colld4Ueu·, two' P.... p.r· •• t~ an kept. ruaniaa' - .' 
while t~e cOl'r.~"",Nr. uu. bi. op.wallioa •. "The third pbap -would '. 
be on at.ndby or ........ oi .. ·, .. int.n.ac •• '!b. puapa "1'. hoa •• d In:·tbe· 
intake atructul" 0.::: ... 11 .. · Pond..·, ,.' ". 

r.-22t.Q1iaa:.fii;n._d,;..~at~:.~;:..,.C»r; •• ta.b.l~6.00 
feet throv ... ,;~~ .. I'''OU .... U6 ... i.Cb ,dir'Q.r·Ri.":'~o the. 1.- ~ . ', .. 

condena.t •. I9.jt -\ilE -,:iiiiii~7 pi~ • ·b •• tad .... 1" lea ••• ", the 
.yate. throu'" twa· ; ..... ".r .... ·126-tiaob.,:.'lpe.Ftlfit" ti'miate':ill .' 
diffuaera .pproxi .. t.ly 1,300 f.et off.hor. on the river bottoa.· The 
overall pip. lengtb fro. the coDden •• r. to the diffus.ra ia about 
2,850 fe.t. '1'h~ ~rv.'.r ;·po.t ..... ; of, tlae cliacINr .. lille .re . 
aupported oa Ite.lpUe -.ata·4d.v.n-·,into .1acial.:till .pproximately 

, ..... r '1 .' ! . 



130 feet below the surface of the river to ensure stability of the 
line with respect to both alignment and elevation. 

1.23 Provisions have been made to recirculate a portion of the 
cooling water discharge back to Bowline Pond as a means of preventing 
ice blockage of the intake in severe weather. 

Power Buildings and Facilities 

1.24 The main plant buildings house the steam generators, 
steam turbines, electric generators and associated equipment. The 
south and east (riverfront) elevations of the buildings are shown in 
Figures 1-3 and 1.4. The roofs of the two steam generator sections 
of the plant and the roof of the turbine-generator section are, 
respectively, 214 feet and 97 feet above plant grade. The main 
building is 460 feet long and 273 feet wide. The building exterior 
is clad with ribbed metal siding, permanently finished in medium 
brown. 

1.25 Two concrete stacks, measuring 287.5 feet in height and 
37 feet in base diameter, are located 110.5 feet east of the power 
building, with a center-to-center separation of 286 feet. Aircraft 
warning lights are present on each of the stacks. 

1.26 A two-story service building immediately south of the 
main plant provides space and facilities for administrative, clerical 
and laboratory support functions. The structure serves both Units 1 
and 2 and is connected to the main plant building by sidewalks at 
ground level and an enclosed bridge on the second floor. The service 
building is 115 feet long, 46 feet wide and 29 feet high. 

1.27 A warehouse serves as a central s~orage area for equip
ment, materials and supplies. The warehouse is 220 feet long, 50 
feet wide, 16 feet high and is located approximately 127 feet to the 
west of the main plant, immediately adjacent to the switchyard. A 
building, about 200 feet south of the warehouse contains shop and 
other maintenance facilities. The shop building is 140 feet long, 50 
feet wide and 16 feet high. 

1.28 The station switchyard accommodates the main transform
ers, towers, electrical buses, breakers and related equipment neces
sary to deliver the electrical power generated by Units 1 and 2 to 
Orange and Rockland's transmission network. The switchhouse, con
sisting of meter and relay rooms, is located in the south end of the 
warehouse building. 
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FIGURE 1-3 

BOWLINE POINT GENERATING STATION--SOUTH ELEVATION 
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FIGURE l-4 
BOWLINE POINT GENERATING STATION--EAST ELEVATION 



Fuel Oil Stor.ge F.cility 

1.29 Six fuel oil t.nks, e.ch of l4S,OOO-b.rrel c.p.city 
(13S,OOO-b.rrel ~ratiaa ~apao~ty). are loc.ated within an 8-acre 
tr.ct surrou~d.dby • Mra iIIiIe~lately north~~f Bowline Pond .nd 
.dj.cent to the .outh bank of Miailceongo Cr~. Sufficient fuel oil 
c.n be storeClto aUov both Units 1 .Dd 2 to'Oper.te at full power 
for. period of .pproxi .. tely l7d.YI, enaurLaa • conti_uity of power 
gener.tion ia the event of • teapor.ry disruption in fuel oil deliv
ery. A fuel oil j)llIIphoule, .alurina SO feet ,in lenlth .tad 38 feet 
in width, is~recealed into tha berm on the abrth lide and houles 
pumps to tranlfer fuel oil to the power pl.~~ Allo housed in the 
pump structure is a portion of the fire prot~~tion Iyst .. ~s veIl .s 
• surf.ce w.ter dr.in •• e sump d.ligned to .iD~i.e the disch.rge of 
oily w.ters into Mlnisceonao Creek .nd the Budson River. 

1.30 The beta serves the dual purpose of providing cont.inment 
in the event of oil leak.ge from .ny of the Itor.ge t.nkl and p.r
ti.lly screening the taatl frOil public view. The oil tanks .re 
cylindrical with aliabtly do.ed tOpl; e.ch t.nk is 180 feet in di.
meter .nd 32 feet in over.ll height._ The heilht of the bera v.ries 
between 10 .nd 28 :feet. Gr.ss has been pl.nted on the e.rthern slopes 
of the berm.--

Karine Termin.l 

1.31 The marine terminal is .n oil ree.iving f.cility designed 
to .cco.-od.te b.raes .nd tankers delivering fuel oil to the pl.nt. 
While t.nkers of up 'to 50,000 de.dweight tOal could be docked .t the 
facility, the present depth cQatours of the Budlon River li.it .ccess 
to the termin.l to b.rges o~ 100,OOO-b.rrel c.pacity or less. 

1.32 A trestle connects the fuel -oil~lo.diDl pier to the 
shoreline. Eatendi~ north .a4 south fro. tit. oil unloadina pier .re 
personnel w.lkw.ys to the bre,.tina .nd moo~iaa dolphins. All of 
these structures .re supporte. by piles ancHored in the underlying 
rock str.tum. The trestle ,iers, w.lkway •• nd dolphins .re con
structed entirely of steel .-.bers. The supporting pile benta .re 
widely spaced •• d provide • cle.r.nce beneath the trestle of approxi
mately IS feet' .t .e.n low w.ter. Articul.ted .. t.l .ras are used 
for unlo.dina . .,. .. ela. A ate. line to the unlo.ding pier provides 
the he.t nec •••• ry to .. int.in the fuel oil .t .pproxiaately 100F to 
allow it to flow re.dily. 

1.33 tu~tber det.ils of the fuel oil unloading terainal are 
given in 'igurea 1-5 .nd 1-6. As indicated, the dock structure is 
approximatel, 675 feet long .nd is oriented .long • north-south line 
p.r.llel to river flow, 500 feet from the west b.nk of the Budson 
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River. The transfer pier is centered at about latitude 41°12' North, 
longitude 73°57' West (New Yrok State coordinates 4387l0N and 
603734E). 

Intake Structure 

1.34 The cooling water intake structure is located on the 
northwest shore of Bowline Pond, directly across the pond from the 
inlet channel to the Hudson River. The major components of the 
intake system are the intake ports, common plenum, traveling screens, 
pump bays and circulating vater pumps. 

1.35 Pertinent engineering details of the intake structure are 
given in Figure 1-7. As indicated in the schematic, each ~f the six 
circulating pumps is housed in a separate bay. A common plenum is 
provided across the entire width of the structure to allow water from 
any intake port to enter any pump bay. Water enters the structure 
through a total of eight ports, six across the face of the structure 
and one on each side. The water first passes through the bar racks 
located behind the intake ports. Large fish and debris are prevented 
from entering the structure by 1/2 x 3-inch vertical bars with a 
3-inch separation between bars. 

1.36 Traveling screens are located approximately 16 feet 
behind the bar racks. The screens are of standard design adopted 
widely throughout the utility industry and consist of screen panels 
or "baskets" attached to an endless chain belt that revolves between 
two sprockets in a vertical plane. The screen mesh or size of the 
openings is three-eights inch square. While the circulating water 
pumps are in operation, the traveling screens are moved upward peri
odically and impinged fish and debris are lifted above the main floor 
of the intake building into a cleaning chamber. Water drawn from the 
pond is sprayed onto the screens through a row of nozzles. Two spray 
systems, a high and a low pressure system, operate at a pressure of 
60 and 20 pounds per square inch, respectively. Waste waters from 
the backwash operation are sluiced to a tank with an outlet channel 
to Bowline Pond. The collection and return system provides an oppor
tunity for fish that survive impingement and backwash to return to 
Bowline Pond. 

1.37 Operating experience has shown that the frequency at 
which the screens must be moved 'and backwashed varies throughout the 
year. During periods of low debris loading of the river and low fish 
impingement, the screens are moved once every four hours. At other 
times, the screens run continuously. A mechanism drives the screens 
automatically on a signal of excessive water level differences across 
the face of the screen. The operation can also be controlled manu
ally. 
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FIGURE 1-7 

DETAILS OF THE COOLING WATER INTAKE STRUCTURE 
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1.38 Flow velocities at various points in the intake structure 
have been computed on the basis of estimated flow rates and cross 
.ectional areas. The points are identified as VI through V5 in Fig
ure 1-7, and flow velocities under a number of conditions are given 
in Table 1-1. Values of velocity are given for mean water, mean low 
water and low low vater elevations in Bowline Pond. Under normal 
conditions of full poyer operatiQP(both units operating and 2 pumps 
running per generating unit), the approach velo . . k 
varies between 0.45 and 0. econd depending on the water 

eve 1n t e pond. The corre.ponding values through the bar racks 
are 0.59 and 0.66 feet per second. The approach velocity to the 
.creens varies between 0.54 and 0.64 feet per second and the velocity 
through the screens between 1.06'and 1.25 feet per second. 

1.39 Water enters Bowline Pond from the Hudson River through 
an inlet channel that has been widened and deepened to augment flow. 
into and out of the pond. Estimates of the flow velocities induced 
in the channel by the withdrawal of cooling water from the pond are 
given in Table 1-2. The velocities apply when both units are oper
ating under conditions of mean water, mean low water and low low 
water elevations. With two'pumps running per unit and a total with
drawal of 632,000 gallons per minute from Bowline Pond, velocities 
ranging between 0.44 and 0.60 feet per second are induced at the 
inlet; the range ,corresponds to extremes in water elevation. Under 
conditions of low low water and all 6 pumps operating, the induced 
velocity would reach a maximum of 0.74 feet per second. 

1.40 The net velocity at the Pond inlet is the resultant of 
the velocity induced by the withdrawal of water and the flow velocity 
associated with tidal action. The mean tidal range of the Hudson 
River in the vicinity of Bowline Point is 2.9 feet (U.S. Department 
of Ca.merce, 1972), and the maximum flow velocity in the inlet chan
nel corresponJin~ til this tidal range is estimated to be 0.2 feet per 
second (Orange and Rockland, March 1971). Maximum flow occurs midway 
between the times of ebb slack and flood slack, with flow directed 
into the pond during flood tide and out of the pond during ebb tide. 
Accordingly, a value of 0.2 fe d be res ectively, 
added to and acted from the values iven in Table 1-2 to obtain 

net velocity in the channel during per10ds of inflow an ow. 

Discharge Diffusers 

1.41 Discharge pipes from the condenser '"!'.;:t,md approximately 
1,000 feeet dH~ rlClst into the Hudson River and terminate in two dif
fusers mounted at right angles to the pipes. The diffusers roughly 
parallel the fuel oil unloading dock and are slightly to the north 
and shoreward of the facility. 
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TABLE 1-1 

FLOW VELOCITIES IN THE INTAICE STRUCTURE 

PUI&S OPERATING A1CD <

FLOW IN -GALLOU.,PKR 
WATER ELEVATIONS(l) MINUTE PBR !Jlfrr(2) 

Mean Water, 1 - 384,000 

Elevation 0.00 2 - 316,000 

1 - 185,000 

2 - 257,000 
Throttled Condition 

Mean Low Water, 3 ~ 384,000 

P'LOW VBUJCITIES IN 
rEET Pg SECOND (3) , 

Vl V2 Vl, V4 

0.55 0.72 0.66 1.29 

0.45 0.59 0.54 1.06 

0.27 0.15 0.34 0.67 

0.37 0.48 0.44 0'.86 

0.59 0.77 0.70 1.38 

Elevation - 1.75 2 - 316,000 0.48 0.63 0.58 1.11 

1 - 185.000 0.29 0.37 0.16 0.72 

2 - 257,000 0.39 0.51 0.47 - 0.92 
Throttled Condition 

Low Low Water, 3 - 384,000 0.65 0.81 0 .. 77 -1.53 

El!!!vation - 4.00 2 - 316,000 0.53 0.66 0.64 1.25 

1 - 185.000 O.ll 0.34 0.40 0.79 

2 - 257,000 0.4l 0.54 0.52 1.02 
Throttled Condition 

t-- --

Source: Orange and Rockland-, 'March 1971. 

V5 ' 

0.65 

0.79 

0.93 

0.64 

0.69 

0.85 

1.00 

0.69 

0.76 

0.93 

1.10 

0.76 

(1)E1evations refer to water level in Bowline Pond; see Figure 1-7. 
(2)Ve1ocity values apply when both power units are in operation; the 

values would be less than those indicated when only one of the units 
is in operation, , 

(l)The points at which the velocity values apply are identified in Fig-
ure 1-7 and are as follows: 

VI - average approach velocities to the bar racks 
V2 - velocity through the bar racks 
Vl - approach velocity to the screens 
V4 - velocity through the screens 
VS - approach velocity to the pumps 
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TABLE 1-2 

FLOW VELOCITIES IN THE BOWLINE POINT DlLET CHANNEL 

PUMPS OPERATING PH' UNIT 
AND TOTAL FLOW(2 IN FLOW VELOCITY (2 ) 

GALLONS PER MINUTE FEET PER SECOND 

Mean Water, 3 - 768,000 0.54 

Elevation 0.00 2 - 632,000 0.44 

1 -370,000 0.26 

2 - 514,000 0.36 
Throttled condition 

Mean Low Water, 3 - 768,000 0.61 

Elevation - 1.75 2 - 632,000 0.50 

1 - 370,000 ~ 

2 - 514,000 0.41 
Throttled condition 

Low Low Water, 3 - 768,000 0.74 

Elevation - 4.00 2 - 632,000 0.60 

1 - 370,000 0.35 

2 - 514,000 0.49 
Throttled condition 

Source: Orange and Rockland, March 1971. 

(l)Elevations refer to water ievel in Bowline Pond; see Figure 1-7. 
(2)Total flows and velocities apply when both units are operating; 

values are approximately oneo-half those indicated when only one 
unit is operating. 

1-19 

IN 



1.42 Each diffuser consists of a 220-foot section of 126-inch 
diameter pipe with eight discharge nozzle8. The nozzles are 3 feet 
in diameter, spaced 25 feet on centers and inclined 5 degrees from 
the h,tri.z()ntal to reduce scouring of the river bott01l. Heated water 
leaves the nozzles with a velocity of approximately 15 feet per 
second. The jets induce turbulence and aixing with ambient water~, 
producing a rapid reduction in the temperature of the effluent 
stream. Details of the dischage piping and diffusers are given in 
Figure 1-8. 

Recreational Facility 

1.43 Orange and Rockland and Con Edison deeded to the town of 
Haverstraw 10.8 *:retl of land as the Bowline Point site for the 
development of a public recreational facility_ ThA IMlIle companies 
contriblll:~.t ;t total of $750,000 towards construction costs of the 
amenities and the town expended an additional $300,000 (Rotella, 
1976). The facility, which is operated by the Town of Haverstraw, 
now includes a swimming pool and dressing rooms, picnic areas, bas
ketball and tennis courts, and a pavilion. The park has been open to 
the public since late SUlJIIler of 1976. An admistJii)l\ f,::.e is charged 
for each "i~it t", the center; daily and sea80nal rates are available. 
Access by road to the facility is unrestricted. 

Site Preparation 

1.44 Site preparation at Bowline Point prior to construction 
of the power plant entailed the removal of existing garbage, draining 
and filling of certain portions of the Hlt~. pest and rodent control 
measures, the r~l\)eation of a portion of Minisceongo Creek, and 
dredging of the inlet to Bowline Point. Parts of the site had been 
used as a dump for discarJp.d automobiles, household appliances and 
other garbage and for casual trash disposal (Or4oge and Rockland, 
March lq71). The garbage fill. up to 10 feet in depth in certain 
sections, was removed from all areas now occupied by major Rtructures 
and replaced by clean fill dirt. In other areas of the aite the 
garbage was covered with clean fill and compacted. 

1.45 Low lying portions of the property were occupied bystag
nant ponds and poorly drained areas. A drainage system consisting of 
surface .:Inti.llage ch4nnela and underground storm sewers was construct
ed to provide drainage to Minesceongo Creek or Bowline P .. md. WItere 
adequate drain:lge existed, growths of scrub brush and larger trees 
had become established. Programs of vegetatioo cl~~ring and rodent 
and insect extp.nlllllation were carried out concurrently with excava
tion and site grading (Orange and Rockland, March 1971). 
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1.46 The portion of MinisceonS'l Creek to the east of the pre
sent power plant building traversed a low lying part of the lite, and 
the creek channel became ill defined in the area. To prevent flood
ing and improve drain .. e, a div ... rsion channel wal cut between the 
existing creek bed and the Hudson River. The channel il subject to 
tidal inflow; excelS w.t~.· fl.)w, northward off the property alOllg the 
remainder of the original water course ~nd ultimately is dilcharged 
to the river. 

1.47 The existing inlet channel between Bowline Pond and the 
Hudaon Rivet:. waa Ihallow ancl,' permitted limited tidal flow iletween the 
pond and the Rudlon River. The channel waa dred,ed to a depth of 16 
feet and a top width of 219 feet to increase tidal flow into and out 
of the pond. Approxiaately 49,000 cubic yarda of .. teri~l w~r~ 
remove,l ill dredging the inlet channel; the dredged material was uled 
fot' onland filion the property. An additional 51,000 cubic' yarda of 
material' ·were dredged in laying the subaqueous cooling watp.r lines 
and discharge diffusers. The material was used to fill in an exist
ing pond to the north of the power plant site. 

1.48 The primary access road to the plant extends fro. an 
intersection at Saasondale Avenue iaiaedi.o'itl"llf north of the bridge' 
over Miniscenongo Creek to the plant parkina lot. Intraplant roadl, 
closed to public traffic, extend northW.ird from the parking lot, 
providing accesl around the power plant building, shop and warehouse. 
IlDIIediately to the west of the parkillg t'Jt, a branch of the access 
road extends aoutheast to thl:l irlC~ke atructure and then along the 
north shore of Bowline Point to th~ recreational facility and marine 
terminal. 

1.49 The interlection at Samsonciale Avenue was planned to 
minimize interference with local traffic and acco.odate the antici
pated high volume of traffic related to the use of the recreational 
facility during summer .onths. Samaondale Avenu~ has been widened to 
allow through traff·ie.· to b,,. •• vehicles turning onto the accell 
road. Additionally, vehicles frn the plant (~~n enter Samsondale 
Avenue safely and without Ilndue delay. The intersection was designed 
to obviate traffic lights. 

1.50 A througk girder, clear apan bridge provides a crolsing 
over Minisceongo Creek. The bridge consists of two IS-foot traffic 
lanes and walkways on either lide. The bridge is designed to carry a 
heavy crane which may be required once in several yearA for .. inte
nance 1.l<lrk ~t the intake structure and, therefore, provides ample 
capacity for the heaviest automobile and truck traffic. The clear 
span across the creek ensures that the bridge will be safe during 
periods of heavy runoffs. 
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1.51 McKenzie Avenue in the Viliale of Haverstraw (the exten
sion of Warren Avenue shown in Figure 1-1) was extended to intersect 
the site access road near the plant intake structure, providing an 
alternative route to the recreational facility. Rerouting of the 
oriainal McKenzie Avenue required the acquisition of the right-of-way 
presently following the lines shown in Figure 1-2. 

1.52 Additional access to the site during construction was 
provided by an extension of Railroad Avenue. The road has since been 
closed to plant traffic, except for .. ceasional maintenance and deliv
ery use. A railroad spur leading from the Conrail Railroad in the 
Town of Haverstraw was constrn·.'.t~J on a right-of-way purchased by 
Orange and Rockland. This spur was used aainly during construction 
of the plant; train passage is currently i~frequent and limited to 
occasional delivery. 

Trans.ission Lines 

1.53 Connecting the Bowline Point station to existing power 
distribution networks servinl the Orange and Rockland and New York 
Power Pool systems required the construction. of approximately 3.4 
miles of underground 345-kilovolt transmission line circuits. The 
transmission lines from the plant are routed to Orange and Rockland's 
West Haverstraw substation located 1.2 miles west of RlUnsl}lldale 
Avenue. Underground construction was selected to eliminate the 
visual impact of overhead transmission lines in residential areas. 

Current Project Status 

1.54 Construction of the first unit at the Bowline Point 
Gener~ting ~~ation began in the Spring of 1969. Unit No. 1 entered 
limited c01llllercial service on 8 September 1972 and full conmercial 
service on 21 Or.tober 1972. Unit No.2 entered commercial service on 
1 May 1974. 

1.55 All site preparation, landscaping and other site closeout 
work is complete. Construction work related to the generating units 
is complete. The marine terminal has been ready to receive oil since 
5 April 1972. Dredging operations are complete. The recreational 
facility, fir.,:t opened to the public late in the 1976 season, is now 
operational. 

1.56 Table 1-3 lists the applications fited by Orange and 
Rockland and the major approvals that have been secured to date from 
various lover.ental entities, in connection ",l.th ,·lVl Bowline Point 
Generating Station are listed in Table 1-3. 
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TABLE 1-3 

APPLICATIONS AND APPROVALS BELATED TO THE BOWLINE POINT GENBBATINGSTATION 

AGENCY 

U.S. Environmental 
Protection Asency, 
Region II 

U. S. Army, Corps of 
Engineers, New York 
District 

u.S. Department of 
Transportation, Federal 
Aviation AdDdnistration 

New York State Depart
ment of Environmental 
Conservation, formerly 
Department of Health 

PElUIIT/APPROVAL 

National Pollutant 
Discharge Elimination 
Sya tem Permit 

Dredging of inlet 
channel, installing 
of diacharse piping 
and construction of 
a mooring facili ty 
(Section 10 Permit) 

Permit to construct 
plan t and stack 

Construction permit 
for circulating water 
system 

Operating permit for 
circulating water 
system 

J!uel oil facility 
rain water discharge 

Atmospheric discharge 
--permit to construct 
main boiler 

Atmospheric discharse 
--permit to operate 
main boiler 

Atmospheric discharse 
--permit to construct 
auxiliary boiler 

Atmospheric discharge 
--permit to construct 
auxiliary boiler 
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DATE OJ! 
ISSUANCE RlP'BBENCE/STATUS 

31 Mar 75 Permit No. NYOOO8010 
Exp. 30 Mar 1980 

12 Jul 71 Permit No. 8304 

5 May 71 7 l-EA-203-0! 

26 Oct 71 Form San. 2 

14 Nov 74 (NYOOOSOlO). 2SDOJIl2000897 

25 Apr 72 Permit dated 25 Apr 72 

7 Apr 71 Application No. 0-700024 

7 Apr 71 . Permit No. 0-}00024, 
Pending 

16 Aug 71 Letter advisiDS DO ~rIIlt 
required (Letter No.· 
W44-C71-o040) 

16 Aug 71 Letter advisiug no perait 
required (Letter No. 
W44-C7l-0040 



."---". 

TABLE 1-3 (continued) 

APPLICATIONS AND APPROVALS RELATED TO THE BOWLINE POINT GENERATING STATION 

AGENCY 

New York State Depart
ment of Environmental 
Conservation, formerly 
Water Resources 
Commission 

New York Public Service 
Commission 

NeW York Commissioner 
of General Services 

Hudson River Valley 
Commission 

Bockland County 
Drainage Agency 

PEIOO:T/APPROVAL 

Permit to construct 
intake structure and 
to dredge ponds 

Permit to construct 
fuel oil unloading 
pier 

DATE OF 
ISSUANCE BEFEDICK/STATUS 

22 Jun 71 Intake Application Ro. 
8-5-70 
8-7-71* 

3 Nov 71 Discharge Application No. 
8-5-70 

26 Jun 70 Application No. 8-4-70 

Permit to install cul- 5 Aug 70 8-47-70 
verts in Mlnisceongo 
Creek for railroad 
siding 

Permit temporarily to 
relocate creek into 
Bowline Pond, con
struct bridge and 
improve creek channel 

Permit tp place fill 
in Bowline Pond 

Permit to place fill 
in pond north of 
Bowline Point 

Approval of railroad 
crossinss at Grassy 
Poin t Road and Gagan 
Road 

Purchase of· under
water property for 
circulating w~ter 
discharge and fuel 
oil unloading pier 

Formal project review 
and approval 

17 Sep 70 8-76-70 

21 Sep 70 8-77-70 

23 Dec 70 8-94-70 

28 Aug 70 Petition Case No. 25778 

27 Jan 72 Letter dated 27 Jan 72 
filed under Liber 904 
Pg. 794 

14 Apr 71 Letter dated 14 Apr 71 

Permit to install cul- N. A. 
verts in Mlnisceongo 

N. A. 

Creek for railroad 
siding 

*No. 8-7-71 permits Orange and Rockland to remove more material. 
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TABLE 1-3 (concluded) 

APPLICATIONS AND APPROVALS RELATED TO THE BOWLINE POINT GENERATI~G STATIOlt 

AGENY 

Rockland County Highway 
Department 

Town of Haverstraw 

Village of Haverstraw 

Village of Wes t 
Haverstraw 

PEBHIT/APPROVAL 

Approval of railroad 
crossing at Grassy 
Point Road 

DATE OF 
ISSUANCE 

13 Aug 70 

Permit to install 8 Oct 70 
bridge over Minisceongo 
Creek for access to 
road to recreation 
area 

Building permit, ware- 16 Sep 69 
house and shop 

Building permit; main 
plant, service build
ing, switchyard and 
miscellaneous struc
tures 

5 Aug 71 

Approval of railroad ,12 Aug 70 
crossing at Gagan Road 

Building permit, cir
culating water intake 
structure 

Building permit, oil 
tanks and pier 

9 Mar 71 

9 Mar 71 

Approval of sanitary 18 Mar 70 
and was te disposal of 
sewage treatment plant 
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BEFERENCB/STATUS 

Letter 

Letter 

Permit No. 958.959 

Permi t No. 661 

Letter' 

Permit No. 191 

Permit No. 192 

Letter 



Project Review 

1.57 Construction plans related to Bowline Point Unit 1 were 
reviewed by the Hudson liver Valley CQP'il.ion in 1971. In accor
dance with the provisions of the Hew York State leai.lative act tbat 
established the Commission in the mid-1960s, the Commis.ion was 
required to review all proposed construction projects on the Hudson 
River, devoting attention to the visu.al impacts associated with each 
project, the impact on surrounding communities, the ecology of the 
river and broader environmental issues concerning the Hudson River 
bas in. 

Waterborne Discharges 

1.58 The discharge of liquid effluents from the plant to the 
Hudson River and Minisceongo Creek is currently authori~.d by a 
Nation~l Pollutant Discharge Elimination System permit issued on 31 
March 1975 by the U.S. Environmental Protection Agency in accordance 
with the provisions of the Federal Water Pollution Control Act 
Amendments of 1972 (33 U.S.C. 1251-1375).* Among other restric
tions, the permit imposes limitations on the following: thermal 
discharges to the Hudson liver (5.8 billion BTU per hour maxiaua h.at 
rejection, 230F maximum temperature increase 102F 19'xLpum temgera
ture of discharae). The pH (range of 6.0 to 9.0 unle •• pH of the 
1ntake falls outside this range; then the pH of the discharge .. y aot 
vary by more than 0.2 pH units from the pH of the intake) and conteat 
of free available chlorine in the discharge (0.2 milligrams per 
liter). Daily average velocity at the traveling screens (0.77 feet 
per second). Oil and grease content of discharges at Minisceonlo 
Creek (15 milligrams per liter average, 20 milligrams per liter 
maximum). 

1.59 In accordance with the conditions of the permit, Orang~ 
and Rockland is required to adhere to the following schedule relatt'\~t 
to the retrofitting of a closed cycle cooling system: 

(1) The permittee is required to complete an engineering report 
and submit the report to the Hew York Department of 
Environmental Conservation in accordance with Hew York 
State requirements by 1 January 1977. 

*For the sake of consistency, reference to the Federal Water Pollu
tion Control Act Amendment is maintained in the Final EnviroDMntal 
Statement although the 1972 Statute has been amended and renamed 
the Clean Water Act (PL95-217) on 28 December 1977. 
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The permittee is required to complete final plans and 
specifieations for the cooling system and sub.it these to 
the Hew York Department of Environmental Conservation by 1 
June ·1977. 

The permittee is required to submit reports detailing 
progress toward completi~n of the facilities by 1 Karch 
1978, 1 December 1978, I September 1979, and 1 June 1980. 

The permittee is required to complete construction of the 
facilities by 1 April 1981. 

The permittee is required to attain operational levels of 
closed-cycle cooling by 1 July 1981. 

; 1.60 On 30 July 1974, Orange and Rockland requested the' U.S. 
E~viroomental Protection Agency, Region II to waive the requireaent 
for closed cycle c~oling, in accordance with the provisions of Sec
tion 316(a) of the Federal Water Pollution Control Act Amendments of 
1972. Orange and Rockland prepared and submitted a demonstration 
document* in support of this request. 

G; 
1.61 As presently set forth, the terms of the Nati~nal Pol

lutant Discharge Elimination System permit effectively constitute a 
. denial .of a waiver under Section 316(a) of the rederal Water Pol-

. lu ion Control Act Amendments. Concern over the continued operation 
of the Bowline Point Station with open cycle cooling centers on the 
damage to aquatic organism caused by the withdrawal of water from the 
Hudson River rather than the effects of the thermal discharge (Sec
tion 4). Accordingly, the requirement to install a closed cycle 
cooling system stems principally f,".lt!l ~ection 316(b) which provides 
that effluent limitations and standards of performance established in 
accordance with the statute "shall require that the location, design, 
construction and capacity of cooling water intake structures reflect 
the best technology available for minimizing environmental impact." 
The Environmental Protection Agency regards the term "capacity" to be 
synonymous with "throughout" or "flow rate" in the context of Section 
316(b) (U.S. Environmental Protection Agency, 1976; 40 crR 402); 

*Before the United States of America, Environmental Protection 
Agency, Region II, Re: Demonstration by Orange and Rockland 
Utilities, Inc. That operation of the Bowline Generating Station 
at Haverstraw,New York, with the Existing Once-Through Circulating 
Water System for Condenser Cooling, Will Assure the Protection and 
Propagation of a Balanced, Indigenous Population of Shellfish, Fish 
and Wildlife in and on the Hudson River in the Vicinity of 
Haverstraw' and Elsewhere, Dated at Spring Valley, New York, 30 July 
1974. ' 
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adding reason to consider closed cycle cooling as the "best available 
technology economically achievable" with respect to the rejection of 
waste heat from steam-electric power plants. With closed cycle 
cooling, a power plant's requirement for water is reduced typically A/~~ 
~ 2 or 3 pe~ceQt of the requirement associated with open cycle 
cooling, leading in principle to a reduction in the number of aquatic 
organisms destroyed or injured by the operation of the power plant. 
Orange and Rockland is contesting the requirement for closed cycle 
cooling at the Bowline Point Station in an adjudicatory hearing 
before the Environmental Protection Agency (Appendix B). Other 
utility coapanies operating power plants sited on the Hudson River 
and subject to similar requirements to backfit closed cycle cooling 
systems are parties in the same proceeding, currently in progress. 

Airborne Discharges 

1.62 Permits to construct the main station boilers have been 
issued by the New York State De~artment of Environmental Conservation 
but certificates to ope;:a;.:e--;:})e main boilere have been withheld pena
ing the resolution of a question of potential violations of certain 
New York State regulations related to ambien~ air quality. 

1.63 A preliminary analysis carried out prior to construction 
of the station indicated that both hourly and 24-hour average limi
tations on ambient sulfur dioxide concentrations would be exceeded on 
the ridge line and peak areas to the southwest of the plant under 
conditions of strong northeasterly winds (Orange and Rockland, 1971). 
No problems with respect to particulates or nitrogen oxides were 
anticipated at the time. 

1.64 More extensive analyses (Orange and Rockland, 1972, 
1973a) confirmed the findings of the earlier study and pointed to the 
need for 650-foot stack(s) to circumvent potential problems in 
meeting ambient air quality standards relating to sulfur dioxide. 
Orange and Rockland opted to retain the 287.5-foot stacks and 
implemented an observation program to monitor pertinent meteorolo
gical and air quality factors in the vicinity of the site. Plans 
were drawn up to burn (low sulfur) natural gas during periods when 
ambient concentrations of sulfur dioxide would be expected to exceed ~ 
regulatory standards. The company has been unable to secure an .J ~ ~ 
adequate supply of gas to implement this strategy. 

1.65 Orange and Rockland is currently under an order on con
sent from the New York State Department of Environmental Conservation 
to erect a 650-foot stack or to continue field measurements, carry 
out plume trajectory studies and report the findings of investiga
tions to the Department of Environmental Conservation on a yearly 
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basis until the matter is resolved. The critical area with respect 
to potential violations has been identified as the Hightor ridge to 
the southwest of the plant. A monitoring network (three monitoring 
stations) has been established where the concentrations of sulfur 
dioxide are expected'to be highest during periods of adverse wind 
conditions. 

1.66 Orange and Rockland has submitted two annual reports to 
the Department of Environmental Conservation covering the period June 
1974 through May 1976. No instances of ambient air quality viola
tions have been reported to date and a certificate to operate the 
main boilers has"been issued by the New York State Department of En
vironmental Conservation. Meteorological and air quality monitor
ing are to continue as a condition of operation. 

OTHER MAJOR PROJECTS ON THE LOWER HUDSON RIVER 

1.67 Pertinent characteristics of generating At:~tions on the 
lower Hudson River are summarized in Table 1-4, and the locations of 
these stations are shown in Figure 1-9. The existing seven stations 
represent a total generating capability of the order of 6,000 mega
watts of which approximately 2,000 megawatts 'is nuclear-fueled 
capability, 2,400 megawatts is oil-fuelerl capability, and 1,400 
megawatts is coal-fueled capability that has been converted to burn 
oil. In accordance with the provisions of Section 2 of the Energy 
Supply and Environmental C""",,, t in'lt:l.lm Act of 1974 (P.L. 93-319 as 
amended by P.L. 94-163), the u.S. Federal Energy Administration has 
issued an order prohibiting the burning of petroleum products at the 
plants with the capability of burning coal. ' 

1.68 All the existing stations currently operate with open
cycle or once-through condenser cooling systems. The u.S. Envi
ronmental Protection Agency has imposed the requirement that 
closed-cycle cooling systems be installed at the Bowline Point and 
Roseton Generating Stations and at Units 2 and 3 of the Indian Point 
station. Conditions to the National Pollutant Discharge Elimination 
System permits authorizing the discharge of liquid effluents from 
these stations stipulate that closed-cycle cooling systems be 
installed and fully operational at various dates in 1981 and 1982. 
This requirement, in each instance, is being contested and adjudica
tory hearings on these matters are presently being held before the 
U.S. Environmental Protection Agency. No requirements to install 
closed cycle cooling system at the other stations on the Hudson River 
Estuary are presently being imposed by the u.S. Environmental,Pro
tection Agency. 
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TABLE 1-4 

PERTINENT CHARACTERISTICS OF EXISTING GENERATING STATIONS ON THE LOWER HUDSON RIVER 

CAPACITY IN MlGAWATTSl 4YEU or PRIMARY CONDINSEB. STATIOI (COMPANY) LOCATION (B.IVD MILl) INITIAL rum. . COOLIHG 
CUB.B.INT ULTDIATI OPEIlATlON 

Albany Beth1_n. 142 400 400 1952 OU/Coal Open Cycle 
(lUasara Hohawk) 

Daneu-r Newburah. 66.3 500 500 1951 OU/Coa1 Open Cycle 
(Central Rudaon) 

B.oaeton2 (Central Newburah. 65.8 1200 1200 1974 on C10aeel Cycle 
Rudaon. Con leU.aon. lequired by 7/1/81 
Niaaara Mohawk) 

Inclian Point' Buebanen. 43 Unit 1 0 262 1962 (It) Open Cycle 
(Con l!d1aon.· 
P_r Authority Unit 2 864 1042 1973 Nuc1 .. r Cloaed Cycle 

B.equired by 5/1/'2 

Unit 3 '" 1033 1976 Nuclear Closed Cycle 
Required by 9/15/82 

Lovett Ta.pkina Cove, 41.5 500 (+400) 1949 On/coal Open Cycle 
(Oranae and B.ockland) 

Bowline PointS Raveratra., 37.5 1200 (+400 to 600) 1972 OU C10aed Cycle 
(Oreanae and Rockland, Required by 7/1/81 
Can Edison) 

59th Street Manhattan, 5 U U 1918 OU Open Cycle 
(Can l!d1aon) 

lExclude gas turbine capability 
2Central Hudson's share of capability is 360 megawatts; Con Edison's share is 480 _ga_tta; Niagara Moha .. '. 

share is 360 _gawatta. . 
'Ownership of Unit 3 was transferred from Con Edison to the Power Authority of the State of New York on 31 

December 1975. 
~Ind1ana Point Unit Ro. 1 ia a nuclear unit with oil-fired superheat; it i. considered by Con Edison to be 

inoperable pending the installation of an emergency core cooling syst ... 
SOrange and lloc:kland'. share of capability is 401 118gawatts; Con Edison'. ahare is 801 _gawatt •• 

Source: New York Power Pool~ 1979. 
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Albany Steaa Statio1! 

1.69 The Albany site, owned by Niagara Mohawk, currently 
accommodates four oil-fueled units, each of 100-megawatt capacity, 
which has been and in operation since 1952. The approximate ultimate 
capacity that the site can support is estimated to be 800 megawatts 
(New York Power Pool, 1976). 

1.70 No additions are current 1 
(New York Power • A-major constraint on future 

~;:~~~~~~~~~~;-;;,~~=:~~to be the limitation of the 
river as a source of cooling water. The visibility of natural draft 
cooling towers and their potential to induce fogging are additional 
factors that would inhibit expansion of the Albany site (New York 
Power Pool, 1976). 

DanskaDlner 

1.71 The Danskammer Point Generating Station comprises four 
oil-fired units with an aggregate generating capacity of 472 mega
watts. The oldest units hav~ 111!en in operat,ion since 1951. There 
are no plans at pra:J,:!'!' : Il~~r:ij., the station or to install addi
tional generating ca~c~t~a;skammer site. 

Roseton ( ; --- • 

1.72 The Roseton site occupies acres in the Village of 
Roseton, Town of Newburgh, Orange Count New York. The station com
prises two fossil-fueled units with a com ined net capability of 
1,200 megawatts. There are no plans at Rr sent to install additional 
gener~ting capacity at the Roseton site. 

Indian Point 

1.73 The Indian Point Nuclear Generating Station is located in 
the Village of Buchanan, Westchester County on .1 ~19-1':r'" .. iL'" on the 
east bank of the Hudson River at Mile Point 43. The generating 
facilities occupy 35 acres of the site (U.S.Nuclear Regulatory Com
mission, 1975) and include Indian Point Units 1, 2, and 3. Units 1 
and 2 are owned by Con Edison. Ownership of Unit 3 was transferred 
from Con Edison to the Power Authority of the State of New York on 31 
December 1975. 

1.74 Unit 1, supplied by the Babcock and Wilcox Company, is of 
unique design in that it features a pressurized water reactor with 
oil-fired superheating of the main steam. A construction permit for 
the unit was issued by the Atomic Energy Commission in 1956 and the 
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unit was first put into service on 30 September 1962, under an oper
ating license issued earlier in that year. The unit has been shut 
down since 31 October 1974 for the purpose of installing an emergency 
core cooling system (U.S. Nuclear Regulatory Commission, 1975). The 
date on which the unit will resume service is undetermined. Accord
ingly, the New York Power Pool generation plan (1976-1991) excludes 
any contribution from Unit 1 (New York Power Pool, 1976). 

1.75 Units 2 and 3 incorporate pressurized water reactors sup
plied by the Westinghouse Corporation. Construction permit. for 
Units 2 and 3 were issued by the Atomic Energy Comaission, in 1966 
and 1969 respectively. A license to operate Unit 2 at 100 percent 
steady-state power was issued on 28 September 1973. The Nuclear 
Regulatory Commission issued the final environmental statement 
related to the operation of Unit 3 (operating license) in February 
1975 (U.S. Nuclear Regulatory Commission, 1975) when commere1aI 
operation was anticipated in the latter half of 1975. Commercial 
operation of Unit 3 began in August 1976. 

1.76 The generating capacities of the Indian Point units, 
excluding possible deratings as a result of ,installing closed-cycle 
cooling systems, are as follows: 

CURRENT (1979) POTENTIAL ULTIMATE 
CAPACITY UPRATINGS CAPACITY 

UNIT (meaawatts) (meaaw'!.tts) (meaawatts) 

1 0 

~ 
265 

2 @r-<? §7 1033 

3 965 68 1033 

Source: U.S. Nuclear Regulatory Commissions, 1975; New York Power 
Pool, 1979. 

Lovett Station 

1.77 The existing Lovett Station is owned by Orange and Rock
land and located in Tomkins Cove, Rockland County at Mile Point 41.5 
on the west bank of the Hudson River. The station comprises five oil 
fueled units, with an aggregate generating capability of 506 mega
watts. Commercial operations at the Lovett Station began in 1949. 
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1.78 There ~ n through 1991) to uprate or 
retire any of the ~1t 1tial studies indicate that a 
further 400 megawatt oil-fueled unit could be supported by the exist
ing site with some additional acquisition of property (New York Power 
Pool, 1976). The addition would entail the need to upgrade or expand 
the existing transmission facilities and some landfill work in the 
Hudson River in the northern portion of the site. 

Bowline Point Generating Station 

1.79 No detailed evaluation of the total generating capability 
that could be installed at the present Bowline Point site has been 
made to date. Initial studies indicate that the site could support 
an additional 400 to 600 megawatts of capacity (New York Power Pool, 
1976). The most logical addition would appear to be a single coal/ 
oil fueled unit that would raise the present station capacity of 
1,200 megawatts to an ultimate capacity of 1,600 to 1,800 megawatts. 
The addition would entail relatively minor upgrading or expansion of 
transmission, transportation, and fuel handling faei 1 it i ... ,.. ':'ll.~ce 
are, ~t P!~~~, no plans to increase the generating capability of 
the Bowline l01~erating Station. 

59th Street Power Plant 

1.80 The 59th Street plant is a common header station owned in 
fee by Con Edison and located in Manhattan at Mile Point 5 on the 
east bank of the Hudson River. In addition to the conventional ther
mal units, the plant houses two kerosene-fired gas turbine units with 
a combined sustained capacity of 28 megawatts in summer and 36 mega
watts in winter, and a combined maximum capacity of 34 megawatts in 
summer and 40 megawatts in winter. 

Future Power Plant Developments 

1.81 Substantive changes in the long term generation plans of 
the New York Power Pool have been made in the past few years. 
Included in these eh'in';;~:l are the deferral or cancellation of a num
ber of power plant projects on the Hudson River estuary at one time 
proposed or considered as likely developments. According to the Hew 
York P()wer. Pool's most recent plan covering the period 1979 through 
1994, there are no major expansions of existing facilities on the 
Hudson River or new construction scheduled within this period (New 
York Power Pool, 1979). 

1.82 Upratings of power plants on the Hudson River estuary are 
limited to ~ncre::~:: : ~sawatts in the capability of Indian 
Point Unit z-EO be ef;;cte4 in 197~New York Power Pool, 1979). 
Provisions~ original design of both units at Indian Point would 
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allow the capability of each unit to be raised ultimately to levels 
discussed previously. These upratings would entail no major site 
preparation or installation of new equipment. 

Possible Future Project 

1.83 All of the future projects on the Hudson River estuary at 
one time included in the New York Power Poolls generation plans are 
now considered as indefinite possibilities that could materialize in 
the 1990 ls or beyond. These projects consist of the Cornwall pumped 
storage hydroelectric project, the Greene County Nuclear Power Plant, 
the NYSE&G Nuclear project and the Mid-Hudson West project. 

1.84 Cornwall. Originally announced by Con Edison in 1962, 
the Cornwell pumped storage hydroelectric project comprises an upper 
reservoir around Whitehorse Mountain to the south-southwest bf Storm 
King Mountain and pumping/generating facilities on the Hudson River 
at Cornwall Landing. The Federal Power Commission approved the 
project in 1965 but, following an appeal by several conservation 
groups allied as the Scenic Hudson Preservatl:)H Conference, was 
ordered by the U.S. C,")IlI"'t: "If A!)~I';"ll:J to review its approval of the 
project, giving due consideration to the effects the p~oject might 
have on the environment. 

1.85 Public hear:i!ngs on the projects have been held at various 
times. If the Federal Power Commission ultimately authorizes the 
project, an estimated maximum capacity of 3000 megawatts could be 
inst~lled at the site (New York Power Pool, 1976). 

1.86 Green County. Plans to construct the Green County 
Nuclear Power Plant (U.S. Nuclear Regulatory Commission, 1976) near 
the Hamlet of Cemeton have been cancelled by the Power Authority of 

. the State of New York (Nucleonics Week, 12 April 1979). As an 
alternative to the proposed 1200-megawatts nuclear power plant, the 
Power Authority intends to seek the necessary approvals to construct 
coal-fired facilities in Green County or elsewhere in the state. It 

~
~ is unknown at present whether the alternate capacity would be brought 
• on line by late 1989, the date scheduled for the operation of the 

. ~een County Nuclear Power Plant according to the New York Power 
... Poolls "enefgy strategy" plin tNew York Power Pool, 1979). 

1.87 NYSE&G Nuclear. As.currently projected, the NYSE&G 
Nuclear power plant proposed jointly by Long Island Lighting Company 
and Ne~ York State Electric and Gas Corporation would be located at 
New Haven, New York on Lake Ontario (New York Power Pool, 1979). Now 
4~signated the New Haven project, the power plant would comprise two 
nuclear units, each of 1,250 megawatts capacity, scheduled to be 
operational in 1992 and 1994. --
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1.88 A site at Stuyvesant in Columbia County on the east bank 
of the Hudson River Estuary is being considered as an alternative to 
the Rev Baven site. Coal as an alternative to nuclear fuel is 
receiving consideration for both the New Haven and Stuyvesant sites. 

1.89 Mid-Hudson West. An announcement related to a large 
generating complex, caapri8ing five ba8e load units scheduled to come 
into service between 1984 and 1991, was first made by Con Edison in 
1913 (Ruclear Indu8try, 1913). Details concerning the type of units 
and site were not di8closed. The most likely location was described 
at the time a8 a site on the west bank of the Hudson River, north of 
Newburgh and behind the fir8t row of hills along the shore. Con 
Edison was simultaneously evaluating alternative sites on both banks 
of the Hudson River north of the Poughkeepsie as well as sites on 
Lake Ontario and the St. Lawrence River. 

1.90 Plans relating to the Mid-Hudson West project are pre
sently indefinite. Con8ideration is being given to nuclear or coa11 
fueled facilities, possibly to be located at the Red/Hook/Clermont 
site along the Columbia Dutchess county line on the east bank of th 
Hudson River Estuary. 

Siting Options 

1.91 A number of sites on the Hudson River have been tenta
tively characterized as capable of meeting the technical requirements 
of large generating facilities and as acceptable in terms of current 
enviroT1~ntal standards. A survey* of candidate sites for the 
Greene County Nuclear Power Plant (U.S. Nuclear Regulatory Commis
sion, 1976) identified nine potential alternatives," most deemed 
suited as sites for fossil-fueled plants as well, on both banks of 
the Hudson River between Newburgh to the south and Hudson to the 
north. 

-The specific criteria used by the Power Authority of the State of 
New York in the evaluation of siting alternatives are the fol
lowing: ~pact on air quality, impact on water quality; envi
ronmental compatibility of once-through cooling (including 
hydrothermal criteria and impact on aquatic ecology), environ
mental compatibility of closed cycle cooling (including space 
availability, fogging and icing effects, drift effects and height 
limitations of natural draft towers), visual and social impacts, 
present and future land use, population density, impacts on 

.. terrestrial ecology, meteorology and engineering feasibility. 
Closed-cycle cooling was found to be a prerequisite in all nine 
cases. 
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1.92 Initial findiDgs indicated that among the sites, four 
would be less favorable than the others for various reasons, includ
ing distance to the source of water, potential foundation problema 
and the possibility of flooding. Further assessment of the five 
remaining sites--the Denning Point site within the City of Beacon, 
Dutchess County; the Lloyd site in the TOifrl /If 1.1.,,),,1, Uhter County; 
the Cruger Island site in the Town of Red Hood, Dutchess County; the 
Cementonsite in the TOWD of Catskill, Greene County; and the 
Athens-Leeds site in the Town of Athens, Greene County--established 
the relative advantages and disadvantages of each site and demon
strated that the Cementon and Athens-Leeds would be preferable. A 
final selection of the Cementon site was made on the basis of certain 
financial and socioeconomic factors. 

1.93 The review of this selection by the u.s. Nuclear Regula
tory Commission in 1976 reveals only small differences in the indices 

\ _of merit assigned to each site, particularly the sites chosen in the 
lat~ stages of the screening process. With information now avail
ablEt, there are no indications that these sites would be rejected as 
potential candidates for future projects. 

1.94 In addition to the above sites, the member companies of 
the Hew York Power Pool have some form of possessory interest in a 
number of other undeveloped (with respect to power generation facili
ties) sites. Several -.ong these are on the Hudson River. Although 
there are no current plans to develop these sites on or before 1991 
(New York Pover Pool, 1976), their potential for development is con
sidered briefly in the following sections. 

1.95 Verplanck. The Verplanck sitp. occupies 142 acres in the 
Village of Buchanan and is owned by Con Edison. The site is in close 
proximity to the Indian Point generating facilities. Con Edison con
templates the installation of 800 megawatts of gas turbine capacity 
at some time in the future beyond 1991, if the company is unable to 
site the gas turbines closer to load centers and transmission facili
ties (New York Power Pool, 1976). 

1.96 Since the Verplanck site is part of an industrial tract 
that presently includes the Indian Point Station, land use restric
tions are not considered to be an impediment to the future develop
ment of the site. In accordance with Title 6, New York State 
Official Compilation of Codes, ~ules and Regulations, Part 660, a 
Tidal Wetlands Moratorium Permit would have to be secured if the 
development of the site would entail a significant effect on the 
existing condition of any tidal wetland :tT.'!". 
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1.q7 Ward Manor. The Ward Manor site occupies 768 acres in 
the Town of Red Hook, Dutchess County, the site is owned by Central 
Hudson and includes Cruger Island, one time an island in the Hudson 
River but now a peninsula linked to the mainland by alluvial deposits 
(U.S. Nuclear Regulatory Commission, 1976). 

1.98 Although no determination has been made to date of the 
maximua generating capacity that could be supported by the site and 
Central Hudson has no plans to develop the site, the general area has 
been identified as a potential candidate site for the ~een County 
Nuclear Plant. By a zoning ordinance adopted in July 1974, the Town 
Of Red HOok has designated the area for residential development on 
minimum 5-acre plots. Construction of generating facilities at this 
site, therefore, would require rezoning of the portions of the site 
required for the facilities (New York Power Pool, 1976). 

1.99 Terry Brickyard. The 94-acre Terry Brickyard site in the 
Town of Ulster is owned by Central Hudson. No determination has been 
made to date of the maximum generating capacity that could be sup
ported by the site. The site was formerly occupied by a brickyard. 
The Town of Ulster has no zoning ordinances. However, the Ulster 
County master plan indicates that the portion of the Town of Ulster 
in which the site is located is designated for future industrial 
development. The general area of the site has not been identified as 
a potential candidate for the Greene County Nuclear Power Plant. 

1.100 Greene Point. The Greene Point site occupies 348 acres 
in the Town of Catskill. The site is owned by Central Hudson and is 
in proximity to the Cementon site selected for the Greene County 
Nuclear Power Plant. There are no zoning ordinances or master plans 
that indicate any preferred type of development for the area in which 
the site is located. 

1.101 Easton. The Easton site is owned by Niagara Mohawk and 
is located in Washington County, on the east bank of the Hudson River 
directly across from the Saratoga National Historical Park. The site 
was originally purchased for a nuclear power plant, but the project 
did not materialize. The ultimate generating capacity that the site 
can support is estimated to be 600 megawatts. The site is well to 
the north of the Albany-Troy area. 

Other Future Developments 

1.102 On 27 October 1965, the 89th Congress authorized the 
Northeastern United States Water Supply (NEWS) Study and authorized 
the Secretary of the Army, acting through the Chief of Engineers, to 
prepare plans to meet the long-range water supply need of the North
east in cooperation with Federal, State and local agencies. 
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1.103 The Hudson River Project is designed to operate intermit
tently and to utilize directly the flows of the Hudson River to sup
plement an existing regional water supply system during periods of 
deficit and to expand the conveyance system in New York City and 
Nassau County. The project would involve the construction of a water 
intake structure, pumping st4tion, water treatment facility and a 
tunnel through deep rock. Water would be withdrawn from the Hudson 
River at a maximum rate of 950 million gallons per day, increasing 
the safe yield of the supply system by 400 million gallons per day. 
The project inta~ would be above (River) Hile Point 86 and below 
Hile Point 95, between Esopus and Rhinebeck, New York. Two tunnel 
routes on the west bank and one route on the east bank, all leading 
to Kensico Reservoir in Westchester County, have been considered. 
Construction would take 8 years and 11 million cubic yards of rock 
would be excavated. The material excavated could be used for aggre
gate or for reclamation of abandoned quarries and gravel pits. The 
project would also entail complp.tion of portions of New York City 
Water Tunnel No. 3 and rehabilitation of an existing pipeline between 
the New York City system and Nassau County. A draft environmental 
statement has been prepared by the North Atlantic Division, u.s. Army 
Corps of Engineers and filed with the Council on Environmental Qual
ity (U.S. Army, 1977). 
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CHAPTER 2 

ENVIROHKBNTAL SETTING OF THE PROJECT 

2.01 The environmental setting of the Bowline Point Generating 
Station:is defined broadly as the lower valley of the Hudson River, 
a ISG-mile corridor extending from the Battery on Manhattan to the 
Federal Dam at Troy, New York. An extensive study area has been 
selected expressly to assess both the localized impacts due to the 
Bowline Point station and the cuaulative impacts of other existing 
major power plants on the Budson River. As will become evident, 
there are reasons to 8uggest that the study area constitutes a dis
tinct natural and ecological system. Further, the region is one in 
which impacts and resources--physical, biological and human--can be 
related meaningfully. 

,I 

2.02 The study area is composed of the counties in New' York and 
New Jersey that lie on both banks of the Hudson River over its tidal 
portion (Figure 2-1). In New York, these counties are Albany, Renn
selaer, Greene, Coluabia, Ulster, Dutchess. Orange, Putnam, Rockland 
and Westchester and, in New Jersey, Bergen and Hudson Counties. 
Wherever appropriate, the City of New York is treated as a single 
entity within the study area. . 

GENERAL 

2.03 The Hudson River begins as a ... 11 stream flowing out of 
the Lake Tear in the Clouds on Mount March in Essex County, New York. 
Its entire length of 306 ailes lies in the State of New York. From 
its source 4,322 feet above sea level in the Adirondack Mountains, 
the river winds for more than 100 miles in a south-southeasterly 
direction to Corinth, then east to Glens Falls and neighboring Hudson 
Falls. From there it flovs for 45 milea,. al.,st directly south to the 
head of the tide at the Federal Dam at Troy, 4bout 150 ailes upstream 
of its mouth. Below Troy, the river passes through an industrial and 
agricultural area and enters the colorful Hudson Highlands region ab
out 60 miles south of Albany. For 16 miles i~ winds through a narrow 
valley with high cliffs rising steeply fra. b·oth shores. The river 
widens at Indian Point and reaches its areatest width of 3 1/2 .iles 
at Haverstraw Bay. Continuing south, the river is bordered to the 
west by the sheer cliffs known as the Palisades and widens into upper 
New York Bay at the Battery on the southern tip of Manhattan Island. 

2.04 The Hudson River is one of the major commercial and re
creational waterways in the northeastern United States. The u.s. 
Army, Corps of Engineers) maintains a channel in the river as far 
north as Waterford. There the Hudson River is joined by the New York 
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State Barge Canal, a 50~ile system of canall and rivervays that 
linlte the lover Budeon to the Great L.,kesand, through Lake Cham
plaia, to the St. Lavrenceliver. Connections are provided to Utica, 
Syracuee, Iocbester, Catu.a Lake and Seneca Lake. The Hudson River 
is naviaabte by ... 11 Gceanloing veslels a. far as Albany, and ~h~ 
Rew York Itate Bar.e Caaal is navigable by shallow draft vessels. The 
watervays are heaVily traveled by commercial vessels, carrying 
principally ',etroleua and petroleum productl. sand, gravel, crushed 
rock and coal. Pleaaut.'baat traffic is considerable durina the 
var.er *Oathl, but p ••• ea,er service on the river is limited to ex
cur. ion trips operating froa the Bew York City area. The lower river 
il open year-round to Aliany and the navigation season is 12 months 
for ace.nloing vel.el.aRd 8 months for barges. 

2.0S Settle.ent of the Hudson River yalley by the Dutch began 
in the _i4-1620'I, folloWina the discovery of the river by tbe 
Florentine navigator Giovanni da Verrazano in 1524 and the later ex
ploration in 1609 of Henry Jludson, an English sea captain employed by 
the Dutch Welt India Coa.pny. Fortified trading posts were es
tab~ished in the area of present day Albany and Rev York City. The 
small colony of lew ~terdam on the southern tip of Manhattan grew 
within the first few '18.1's of .ettle_lIt and. its safe harbor saw 
increasing uu"'rs of d~rcial vessels plying the coastal trade be
tween ~ AmeterdBa and Inglish settlements in Hew England and 
Virginia. The harbor and river, by early accounts, teemed with 
salmon, striped ba.s, .turgeon and shellfish. 

2.06 Growth of the hinterlands was slow throughout the colonial 
period but increased rapidly in the 19th century. Robert Fulton es
tabli.b.~ Ite" navig~tion in North A.erica with the maiden voyage of 
the Cler.ont on the ~a.on River in 1807. Completion of the 363-mile 
Brie Canal between Albany and Buffalo in 1825 had a profound influ
ence on the development of the state, providinl. aaong other things, 
cheap tranlportation for the aaricultural and manufactured products 
fro. weltern Rew York and beyond to the Atlantic leaboard. The 
transportation sy.tea of the st;ate was further expanded and re
inforced in the 1350's by the coa.olidation of several small rail 
linel into the Rew York Central Railroad running between Albany and 
Buffalo. Albaayval next linked to Nev York City by the New York and 
Harlem Railroad and the Hudson River Railroad. Today's principal 
transportation corridors and lines of communication vere forged. 

2.07 Industry prolpered o~er the same period along the lower 
Hudson River. The river towns of Budson, Poulhkeepsie and Newburgh 
owed their early prosperity to the whaling fleets and processing of 
whale products~ Other industries soon developed and other set
tleqeats aloaa the river IreV in importance as centers of induRtry 
and coaaerce, aMong them~arrytown, Nyack, Ossining, Havec~tr~w, 
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Peek'ki~ I. Be.e~Il •. Kl~~t'm.;', ~a~,e~~i,~ .C'~~~~U~1'~01' CO)J081Land 
Glen. !a118. ~ In4uit,:,~~' _ ~.-..,~,. be~., .lt~bll.'llef lac:lu41dc q,ual't)'ilJg 
and brlc~~IlI' ltuii~tiD.J'. }18h~na. ,~e~~".~~",,4~.;.h •. -lIt~,a •• of 
ice' cut fr~ the rivet l~' -lnter. ~~, .ol.:~he iMu~tri.e •. JlaD,18hed 
and other de'leloped ~~J;,i~ the 20th, c,ijtUf1:I', ~1\lfO_'''U'.' C'Uui.
vated where ice once,w", ,ltOteel. ~lld .:~i1le ,~ .... dh.p~ring as 
lUmbe!~~~n'~,ira,t~:f~t."~t.'" z:~c~d~d "futther ,ifit,o tit .. ~t:,n:.,' i .. l. , 
~rr::Y1DJ o,~ ·~~ue.'~l~r,,~a i'1e .... t .Dql~,C:tu~i .. bec ... ~, .~taat 
lndu.td~e,'.,'Ilje av).~la'$,U1ty of ~~~er ,,~nd ,lIl~~e~ •. lDg "4,.Wfom ' 
eieetricaleller" al t,he, lP'!J8r }lud,OIl ~,v;er ~~~~eJ, ' &1', e~, i._tOl" 4oe, 0, f 
the nation's "Jor c,ot!r8 0'£ IMDufacturi ... I.,.! ~ the -.i:,tiaa-of 
steam electric' planhq~,tDe r;iver .illcethe ~li ... t , .... of the 
electric utility indUltTY. Tranl.iesion line. become eltabli.hed 
roughly along the ~jor tr41lIport.ti~route ... individual ,utilities 
aerged graduat'ly to 'fora "tlle integrated supply network ~t exist .. 
today. 

PHYSICAL SmIlfG 1 '. 

" -, 
- I • _ 

2.~,The lfucl.on'.i",.~·e.t;uary :ex~end~ ,Qw.e~ .".r .. Of~'a~ f 

proximately' ,6. 7~OQ .qua~e~ ,ia~", ' I.low AlbW,. the :lAA4 b~01IM!;.,open 
country elt~ept, 'wh'r. 'J:b~, Ca~.~~lls ud the ~~oD"IIit.la~~8, ;.Qut, 
thr~h (he HudlOD Valley~ . South of the Ri~lta~ the tUUIi,n •• ain 
becomes ~Pen countr1 w~th the hiah cliffs o~.tbe Pali.ades for.ing 
the west bank of the Hud.on ~ver. 

Phy.iography 

2.0911le e~~ir'e·'~~.o~~'iver ksi~ li~.~,~~,'+X·'P~1.i9'Jra"',ic 
provincea--St. ~aVren~,-Ch~~ail!', Lo"laad. ~ ,.M4rqp4aclt Iliplancll, . 
Budlbn-Hollatrlt , Lowlan6j. ,:Appdach~.n ,Uplanda, ,Ie" BllIlaP4 Uplp.ct. aad 
Triassic Lo"l~nds (Rou8J1too,t at •• 1962). The St.,~wre~e-Ch8llP
lain Lowlancfs"i>tovince inelu4e. the St."Lawrence liv,r VaUey , 
no~thea.t Of"th~ th·o¥,_p'~ I'i~,as.' the Low rolli ... ·'~l1. that border 
th18 .va11ey to the .ou~6. a .. d ~pe Lalte Ch_pla~~ ;Va~l.l! The :. 
Adirondack Highland, ~io~iice i~cludea the hi.he.~ mQ~Dtainl in Rew 
York State. especialli '~~:t~e lliabPeM area,Qf ~~~.'t-eeDtral 
Adirondack M~~nt.in •• · liotb·~h •• e,provi.cea lie,b"YOQd the study 
area; theHud'o~ River e8tuaty lie. within PQrtions of tbe remaining 
four provinces, •• showin'ri,ure·2-2. 

2.10 The Hu4~on-Hohawk Lowland. province is. a .northwar4 ex
teDsion of theVal1ey and Riclae':rrovince of .a.tern Borth Alleriea. 
Topography of t&elowI.~d8 has bee~ developed by erosion of weak rock 
outcrop beltl,tbat • in the case, oithe Mohawk Lowlan4.. l,ie between 
the Adirondack8, and a aeries of ,teep l~.toJle eacarptMDts,k1lown as 
the Helderberg.. The Hudson Lowlands lie between the Catskil1. to 
the west and the aet81DOrpho8ed shale hills of the Taconic Hountains 
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to the east. For the most part, the lowlands have low elevations and 
relief. 

2.11 The Catskill ~untai .. form the ea. tern fringe of the Ap
palachian Uplands, a aajor ar.a of the State of Rew York and a part 
of the Appalachian Plateau. Relief is high to moderate throuahout 
the Appalachian Uplands, the highe.t peak being Slide Mountain (4,202 
feet) in the Catskill Mountains. 

2.12 The Rew Ingland Uplands Province is an area of great 
geological complexity and diversity. The area encompasses the Budson 
Bighlands and the hilly country (Taconic Mountains) between the Hud
son liver and the Ma .. achu.etta, Connecticut and Veraaont state lines. 
Rocks in this province are .ither aetamorphic or igneous, and the 
land forms show a clole relationship to the relative durability of 
these rocks. The Budson Bilbland., a northe.st trending uplan~ of 
Preca.brain rock., are an extension of the Rew Jersey Bighlands to 
the eouth and continue into the Bousatonic Bighlands to the north. 
The Budson Biahlande have the areatest relief within the province, 
with elevation. ranaing frOB 800 feet below sea level (bedrock of the 
Burson liver Valley) to more than 1,600 feet. Most of the ridges and 
valleys in the Budson Bighlands follow the northeast-southwest strike 
of the metamorphosed rocks so that strong topographic linearity 
characterizes this part of the province. The Taconic Mountains have 
a general north-south trend dependent on the strike of the schist 
that forms the hills and the limestone in the valleys. An exception 
is the Rensselaer Plateau, a r4lling plateau surface with relief of 
more than 500 feet. This area, about 20 miles long (north-south) by 
9 .iles wide (east-welt) is held up by the resistant lensselaer 
graywacke. 

2.13 The Triassic Lowland. area is unique in Rew York State. 
The portion of the province within the state lies entirely in lock
land County and is bounded on the east by Palisades sill and on the 
north by the .ill and the Tria •• ic border fault. Shales and 
sand.tones lie both over and u~der the diabale sill, but those be
neath are .. inly covered by BU480n liver waters. Drainage in the 
overlying shales is to the south and is generally controlled by 
north-south joints. The ouetandings feature of the province is the 
Pali.ades, a north-south escarpment developed on the diabase sill 
that foras the west bank of the Budson liver from Nyack south tp 
Staten Island. The scarp has been cut in several places by faults 
along which erosion has developed'narrow cross valleys. 

2.14 The geomorphology of the Budson drainage basin has been 
influenced substantially by the glaciations of the Pleistocene age. 
The river valley, which paralleled the general north-south direction 
of ice advances and retreats, was deepened into a typical glacial 
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troulh vith U-Ihaped cr.ll-lection, leavina tributarie. han,in, hi,h 
above the new valley floor. Dari .. Ilacial retreat and ,ubiequent 
floodiaa vith the ~ile in lea lev.l. the deep trench, in places up to 
750 or 800 feet in depth, wa. partially filled in by debri. and ,la
cial till. The treach, i.it. pr .... t fol'll, ia the Bud.on River 
Channel. 

2.15 The Bowline Point Generating Station i. located in the 
Tria •• ic Lovlanda. Other leDeratin, facilities on the Hudson River 
north of the Hudson HiShlandl, including the Io.eton facility, lie in 
the Hudlon-Kob .. k Lovlanda. 

2.16 The Northea.tern Reaion of the United States, defined as 
Nev England and lew York by the National Oceanic and Atmospheric 
Administration for the purpo.e of of listi~g and de.cribing earth
quakes, contain •• one. of Telatively high sei .. ic activity (V.S. De
partment of C~rce, 19738). Bev York and Ma •• achusett. have ex
perienced leveral .e.er8 shockl. This rei ion is affected al.o by 
large earthquake. ori,inatin, in adjacent Clueda, principally in the 
St. Lawrence Valley and the Laurentain Troulh. Earthquake. in the 
re,ion .. y be explained by the readjultment of the cru.t following 
the recent Ice Ace. 8a.. .eololiltsluglest.that the earth's crust, 
deformed by the ice load during glacial periods, is gradually re
turning to itl no~l po.ition. Adjust .. nt. may occur at great 
depths without producing major lurface faulting (U.S. Department of 
Commerce, 1973a). . 

2.17 The aeneral area of major .eismic risk in New York lie. to 
the north of a line extending fro. the southwe.tern corner of the 
state on Lake Erie to the Nev York-Vermont state line on the Canadian 
border. All of loutheastern New York up to a point south of the 
Albany-Troy area and part of the Southern Tier of the .tate i. in an 
area of ainor ri.k. The reaainder of the state is an area of mod
erate seisaic ri.k (U.S. Department of Com.erce, 1976a). Thus, the 
study area lies within a zoae conlidered to be of minor .eismic risk, 
with the exception of Albaay and Rensselaer Counties, which mark the 
transition into a zone of .aderate sei.mic risk. 

Climate 

2.18 The climate* of the Hudson River E.tuary is character
ized a. humid continental, the type that prevails throughout the 
northeastern U.S. Doainant contiuental characteristics stea from the 
frequent invasions of cold, dry air .. sse. from the northern interior 
of the continent alternating vith varm, humid air transported by 

*Material on climate in the study area is derived mainly from Pack, 
1972. 
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south and .0ut"' •• t.rl~~1f~n~ ... fl'~ ~Ia. Gulf-of ... :deoaadadjac.Dt 
tropical •• t.ts. A t~i~cI· f~"-9f a'l'. a'f.ctat'. cu._ ••. ·of... '. 
York,' p.tticql.dy iii ~.i'~th.ai~'A fOrtio .. .; iA:ar •• t .ir ..... 
flo,,' in(and~roa the ,lIorth :4t1.atic ,Qc.a •• d!p~Hue.s 'CGOlf'cloudy 
anddap .. ath.r. Aithouah ,iaportaat. the aaritiiMillfluenc. is 
secondary to the more 'prevalent air flovs acro •• the continent. 

2.19 Aver .. ealPlU~ .~D ~~ature. :tatrouabo.ttlw .ta,t. -vary 
betve~~ 40 :r'ia tbe, ~i~&ck Koun~.iD" to.Il ... ~55 p. -iathe Rev TOi'k· 
City area. Aver.~,~~ t8llJHlnture •. Hq8 '1rdiI'16: "'the Adiroa
dacks to 2'6 :r iii the lover Rudson )liver VaU. ' .. 1I04ft&1:iDI. .' 
influcence of the Atlantic Ocean is .uch that Rev York City exper
iences subaeJ'o 1Ii~ ,t,.,.r.ture. i.- t.~ 01'1 dine·' vlliterj' out of 
10, "ith low t~"AA~r..~leaerallY n •• r .• S P .. :,·fte '-loVer1'portioDl of 
the Rudsoll I.~~er Y.l~"i"'ve rather w.l'Il ..... nwtth:. ~rt-od. of 
higb,c uDCo.fQrt.bleJlu~,~litY. lI ..... rclqt_ ·t .... rct ..... r~al. frOm 
the upper 70.· ,~o< tbe ,.t,~,80... T .... er8Ur •• · of 90 pc. or hiah.t-· occu'r 
from late. Ka1 ~9;mi~~p~e"'er throll,hout : the ..... ·:Ri.e't" •• tu.ry. 
Th. Rev York ctty .1.' ... 4'J, . .,. t of. the W.oia-! ti .... r· V.U.,: record an 
av.raae of 18 ~p .f,. d.,. wi.~ .uch t .... atus-.. dviD,' the •• n. e.a
son. While tea,.rature. in·exee ••. of· lOO":ar. ral", .. Ay ••• ther 
statio ... in tli., .ou~herp'(porUoD .of :.t11* .tat.. hav. record.d t .. -
peratur.s 9.f loD l.to lOS r on oce •• ioDs. In'theAdirondaak 
Mountains the ....... r cliute ia con.i4erably coolel';addiaa to the' 
area's att~activ.ne~.· as •. year-round r.sor·t. 

2.20 The averaae annual precipitation in the Rud.on River basin 
i.e 42 inches, 8en.ra~1Y:t,ven\y .4ietrib"ted tbalO1llHout ,the year. No 
distinctly d'ry or wet s""Q~.occur reaul-ady·&c. yeu to ,.ar. 
However, 10ng-te~recor<c14, -inc«.eat. that the Ir •• te.t pr4iCipitation 
occurs in the sp~inl.~fall. Since the droupt of 1964:, .w.er 
rainfaUs in exce.s . .of :the averaae 4 inches per.oath have been re
corded in the Hud'on River. Velley. AnnuaL .precipitation ~ be as 
high as SO Jnchea in .the .Cat~kills. .l'hec.t,Jtill hilh-lads in Ulster 
(and Delaware and.Sul~iv.n ,C~nties) recordh_., .UOV-accuaulations 
aver'aina 100 to 120 i~. ~r ,e.r •.. '!'be 1IOCleratini influence of 
the Atlantic Ocean reducH,.: the sn~ .ccuaul.t-io1l to 25 to 3S inches 
in the New York City area. Minimum seasonal .novfalls of 40 to SO 
inche~ occur near the Hudson River in Oranae, Rockland, and 
Westchester Counties and upstream to the southern po~tion of Albany 
and Renssela.~ Coun~i ••• 

'. . 
2.21 Alt~O\Iah) •• j9z:,f100d. arerelatively·infr .. quellt, the 

greatest potenUal,~ol'·floodinl oc;curs th'OUlhbutl the State· in the 
early sprina wben~.ub.tantial rains may coabine ,.ith rapid snow .. lt 
to produce heavy runoff. Several of these fioods have occurred since 
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the turn of the century in the river basins of southern and eastern 
Rew York. At other times of the year damaging floods occur after 
prolonged periods of rainfall. Examples in recent years are the 
floods in the lower Hudson River Valley in May 1968 and in the 
Catskill Mountains in July 1969. In addition, the New York City alea 
and other heavily urbanized areas are subject to severe flooding of 
highways, streets, and low-lying ground. 

2.22 The prevailing wind is generally from the west throughout 
all of New York State. A southwest component beco.e evident during 
the waraer months while a northwest coaponent is characteristic of 
the colder half of the y.ar. Wind patterns within the Hudson River 
estuaty, however, are subatantially influenced by terrain, particu
larly where relatively pronounced differences in elevation occur 
between the valley and adjacent ridges. This influence is such that 
winds on and abOve the river are often upstream by day and d~wnstream 
by night. Annual wind roses pertaining to three selected locations 
within the study area are shown in Figure 2-3. 

2.23 Annual wind roses derived from meteorological observations 
at the Bowline Point and Roseton generating stations (Orange and 
Rockland, July 1976; Centr41 Hudson, 1976) are shown in Figure 2-4. 
The differences in wind patterns prevailing at the two sites reflects 
the strong influence of topography. Local winds at Bowline Point are 
predominantly from the northwest quadrant over the year, with a 
secondary maximum in the distribution due to the southerly winds of 
the summer months. Further details of wind direction frequencies by 
calendar quarter and stability class, as observed at the Bowline 
Point station between June 1975 and May 1976 (Orange and Rockland, 
1976) are summarized in Table 2-1. Dominant wind directions at 
Roseton are north-northeast and south-southwest, roughly parallel to 
the river channel at the site. Available information derived from 
observations at the Roseton Generating Station between December 1974 
and February 1975 (Central Hudson Gas and Electric, 1975) is given in 
Table 2-2. 

Hydrology 

2.24 The Hudson River drains a total area of 13,400 square 
miles, most of which lies within Hew York State, with small portions 
of the basin extending into Vermont, Massachusetts, Connecticut and 
Hew Jersey (U.S. Department of the Interior, 1972). Approximately 
8,100 square miles or 60 percent of the drainage ba$in is upstream of 
the Federal Dam at Troy. The remaining portion drains into the es
tuarine portion of the river. 

2.25 South of the Hudson-Mohawk confluence, the Hudson River is 
joined by only three major tributaries, namely, the Wallkill River 
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STArIOII 

TABLE 2-1 

QUARTEllLY WIHD DIBICTION :ntIQUBNCIBS BY STABILITY CLASS t 
JUNE 1975-MAY 1976, Kl THE BOWLIHI POINT GBlfBRATIHG STATION 

IUlILIn (JIIII-MIGUST 1975) IUlILIft (SlPt'BlUR...avaeIR 1975) 

IIISTaLI (25.41) IIvruL (49.41) ITaU (25.21) .. raUl (11.21) IIIU'l'1AL (55.21) . SUllUI (33.71) 

BClllrllD. TCIIIr.r, 
lOO-foot hftl • lID 

10.6 lSI 
10.1 

U.3 V 10.2 
IIIf 33.' 
IV 21.2 

DI 15.2 • 10.2 VW 27.0 
IV 17.7 Sli 9.J !IV 22.9 

VIIV 11.0 
IV U,7 

tltSTaU (25.51) IIvruL (SO. 71) lUlU (2'.11) .. DILl (10.91) ~ (55.21) 
C.l,. 

ITaLB (33.91) 

BCIIIrlillll T"".r 
2oo-foot h".1 • III 

11.2 II 
10.0 lSI 

10.4 WV 
13.' IV 

IIIV 

16.~. IV 
23.7 1ft 
11.2 

17.4 • U.'-. 
Sli 
IIIW 
lfW 

9.5 VIIW 
10.4 IV 
10.0 RIW 
10.5 
15.6 

9.0 
16.8 
18.6 

Illlti1U (25.91) IlIJl'W. (48.U) lUIILl (26.OIf _'hILl (11.11) DtJTBAL (55.3%) STABU (32.91) 

BCIIIrliu TCIIIr.r, lID 13.0 lSI 10.1 IIIV 10.0 II 16.1 • 9.4 II 9.6 
350-foot a".1 IV 13.9 IV 14.7 II1II 10.4 IV 9.0 .. 14.1 SSI 11.1 lIIIW 9.0 

• 11.' III 11.1 

STABILITY (mCIIaQ 1975-JllIUAI! 1976) l'UlILIn (1WlaI-1IAY 1976) 

_TABU (5.41) D1J'rIAL (74.11) srau (20.5) IIISTau (l.21) DUTIAL (65.41) S'UlU (33.21) 

BClllr1iD. TCIIIr.r (L), • 
100-foot h".l II1II 

D 
VIIV 

15.6 • 
22.9 VIIV 
9.4 ., 

u.s WIW 
13.8 IV 
25.7 

16.6 • 
26.9 ID 

D 

33.1 VIIV 
33.8 W 
14.1 

15.1 SI 
U.S IIV 

15.0 
16.6 

1If8TABU (4.11) D1J'rIAL (74.71) ITABU (l1.51) ... TABU (1.21) D1J'rIAL (65.41) ITABLB (33.21) 

BClllrllD. Towu (L), • 
200-foot h".1 lID 

HE 
IIIl 

15.7 • 
22.9 lID 
10.0 ..w 
17.1 ... 

10.1 IIV 
10.8 
28.5 
11.5 

17.9 • ., 44.4 VIIW 
29.6 IV 

20.9 SI 
17.1 

13.2 

llllWU1 (4 •• ) II1I'J'IAL (74.61) lUIILl (28.51) llllWU1 (1.21) IIIl/TIAL (64.41) STABU (34.21) 

BCIIIrliu t'aHr. 
3SO-foot awl • lID 

VIV 
IIIV 

31.0 • 
19.0 WV 
9.5 ., 

11.9 .., 

All frequencies in percent. 

11.0 • 
11.1 ssw 
19.5 IIV 
9.9 

Source: Orange anc1 lockland. 1976. 
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'fABLE 2-2 

PBJIOIDWI'f wnm DI.-eTIOI PllQqIlCIE$ BY STUIL~TY· ~Sl;! 
AT ROSETON GENBRATIIfG STATION, DECOOD 1974 THROUGH FEBRUARY 1975 

STABILITY 
STATICIf 

UDT4JLE (2%) HlJ'PRAL (58%) STABLE (40%) 

Roseton, NNE. 13 NNW-RIfE 25 N-NNE 13 
50-foot level 

SSW-WSW 52 ssw-WSW 36 ssw-sw 30 

NW 6 W 9 CALM 26 

CAUl 9 CALK 7 OTHER* 31 

OTBER* 20 .OTBD.* 23 

Roseton, NNE 24 N-NNE 22 N-NNE 16 
28O-foot level 

SSW-WSW 38 SSW-wsw 34 ssw-sw 37 

'--". W-NW 18 W-WNW 17 CALM 10 

OTBiR* 20 OTHBR* 27 OTHER* 37 

*Indicates the sum of the UJl1isted wind direction sectors, each less 
than 5% frequency. 

Source: Central Hudson. 1975. 
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and Kinderhook and Iondou't Creek. (U.S. Departaent of the Interior. 
1972). Tbe drainage area Qf the' .ower river iI ienerally narrow and 
confined by geolo,ic barriera auch a8 the Berk.hire. and the 
Catskill., the Mid-Su\llton rid,e of the Appalacbian cbun, and the 
Pali.ade. for.atiqn. 

2.26 Ste .. aagina record. at Green I.land. t..ediately upatream 
of the Troy lock, .how that the yearly average flow of fre.hwater in 
the Bud.on River exc •• da 1'.000 cubic Ceet per .econd" (Rational COlI
ail.ion on Water QualitY. ' 1975). Monthly and yearly avefaae flovs 
.a.ured at Green IIl.ad between 1972 and 1975 (jational 'Ca.ailaion 
on Water quality. 1911

,; t.'-S~:Depart ... t: of' tha' 'latterior 1976) °are 
ahown in Table 2-3· tupther lIith loni-fer. fI91S throuah 1973) 
averaaeflowa. U the ciWta illdicate. fre.hwater flowa vary conaid
erably over the year vith maximum flow. occurrina aene~any durina 
the 1IIOI1th8 of March. April and May. . Period. o·f low flov usually 
beain in June and continue until Roveaber. , 

2.27 'lbe .. jor portion of freshwater flu", '-!Iltera the estuary 
at ita heltlt Itt Troy. The reuinina portion COil.iat. laraely of con-· 
tributionl by tributariel flavina into the upper reach of the el
tuary. Runoff froa approtliately one half of' the river basin 
downstrea of Green Ialand is aaaed. The oaciUatina tidal flow in 
the eltuary can exeeed the tlow of fre.hwater by • factor of 10 to 
100. Durina each tidal cycle of 24 hour. ao4.S0 .inutes, two hiah 
tides and two low tide. occur, producina a a8antrdal ranae of 4.5 
feet at the Battery, 2.7 feet at We.t Point and 4.7 feet at the Troy 
Daa (U.S. 'Depart_nt of eo..erce, 1972). 

2.28 'lbe salinity. of the Budlon River increases aradually 
with distance IIOvina dows'treamtoward. it. aouth(Water Information 
Center, 1976). In the fre.hwater •• ctorl, chloride ion co~centra
tionl ranaina fra. 6 to 30 .illiar ... per liter (ma/l)** .. , be 
encountered al a re.ult of sewaae and industrial ~ischaraes and 
runoff fra. adjacent lands. Values over 30 < .. Ii) can be indicative 
of the first intrusions of seawater. Downstream of the freshwater 
sectors, chloride concentrations in the river increase to 

*Salinity denptes the dissolved mineral content of seawater and 
amounts of 34,500 Ililliarams per liter in the Atlantic Ocean who:!ce 
the Hudson River estuary disc~araes (Water Information Center, 
1976). Six constituents make up 99 percent of the total seawater 
saLinity. 'lbe major coaponent is the chloride ion, which accounts 
for 55.0 percent; other major coaaponent ion. are sodium (30.6 
percent), sulfate (7.4 percent). "anesium.(3.7 percent). calciUll 
{I.2 percent) and potassium (1.1 percent). . 

**Fo~percent purposes, .illiar ... per liter and parts per million 
(by weiaht) may be taken as equivalent units. 
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TABLE 2-3 

MONTHLY AND YEARLY AVERAGE FLOWS OF THE HUDSON RIVER AT GREEN isr A"TD 
FROM 1972 THROUGH 1975 AND LONG-TERM AVERAGES 

FLOW (CUBIC FEET PER SECOND) AVERAGE 

MONTH 

1972 1973 1974 1975 1918-1973 

October 7,811 7,198 6,332 9,049 7,620 

November 7,291 26,081 10,933 17,180' 12,970 

December 17,000 26,913 34,566 19,380 13,603 

January 13,410 26,181 30,730 . 19,070 12,439 

February 10,930 20,368 24,911 19,370 11,708 

March 26,860 29,730 30,933 23,680 22,743 

April 37,960 34,270 39,973 25,580 31,465 

May 40,520 27,540 77,833 20,000 18,469 

June 29,630 .Ll,600 10,702 12,970 9,708 

July 18,380 10,230 20,127 7,464 6,912 

August 7,616 6,180 12,845 8,966 5,342 

September 6,309 4,050 13,420 17,030 5,963 

Yearly 
18,643 19,278 26,110 16,610 13,172 

Average 

*Water year begins in October and ends in September of the follow-
ing year. For example, water year 1972 began on October 1, 1971, 
and ended on September 30, 1972. 

Sources: National Commission on Water Quality, 1975; u.S. Department 
of the Interior, 1976. 
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values between 5,000 to 16,000 mg/l in New York City area and 15 boo 
to 19,000 mg/l at the outlet to Hew York Bay. Ii 

2.29 In broad terms, the .eawater advances and recedes in the 
river as a wedge. 'resh and leawater at the interface reaain re
latively well separated when the wedge il located far downstream. 
Under these conditions the properties of the water ."it: tlte surface and 
bottom differ markedly, but the front become. increasingly diffuse as 
it progres.es toward. the .iddle reaches of the estuary. 

2.30 The movement of the .alt front in the Hudson River e.tuary 
is influenced by several factor., principal among the. being the 
amount of fre.hwater flow and the tidal surge of saline water from 
the ocean. The salt front oscillates with each tide in a movement, 
knoWn as the tidal excursion, that aay tran.f~r the .alt front up
stream by as much~les on the flood tide and alaos~ mi!!s 
down.tream on t~bb tIae. The overall mean position of the salt 
front can travel up or down.tream in respon.e to lea.onal\river flows 
.by a •• uch a. 50 or 60 river aile.. The upstream mavemends of the 
salt front are aSlociated with higher incoming tides and~minishing 
upland runoffs; conversely, downstream movements are associated with 
increasing upland flows and lower tides~ 

2.31 Sea.onal average profiles of chloride concentrations indi
cate that the .alt intrusion (where the concentration of chloride 
ions exceed 100 .,/1) reaches Mile Point (river mile) 33 in winter, 
36 in spring, 47 in summer and 48 in fall (National Commission on 
Water Quality, 1976). During year. of normal or above normal flow, 
therefore, the salt front reaches the Bowline Point Generating 
Station at Mile Point.37.5 only in summer and fall and does not reach 
the Roseton Generating Station at Mile Point 65.8. The intrusion 
during periods of abnormally low flows may reach considerably farther 
upstream. For example, in the drought year of 1964, the salinity 
front reached a, far a. Mile Point 82 in the vicinity of Hyde Park. 

2.12 An overview of the major morphological characteristics of 
the lower Hudson River is shown in Figure 2-5 and observations taken 
in 1974 are summarized in Figure 2-6. 

Water Quality 

2.33 The quality of the Hudson River waters varies greatly 
along the estuarine portion of the·river. The New York State De
partment of Environ.ental Conservation hal subdivided the estuary 
into five segments and characterize. the quality of water in each of 
these on the basi. of criteria developed by the Departaent (6 &YCRR 
700-703). An overview of the clas.ification .cheae is given in 
Figure 2-7. As indicated, water quality in the midportion of the 

2-16 



40' 
40' 30' 20' '. 10' 42" SO' 40' 30' 20' 10' 

I .. . , 
! 1/; 

II 
so' 

. ~ I 
I 

... ~ 
74' I i ~ \ ~ 

I N \ r:; 
t !\~~ 

10' ~ \~i~ " ... -~ 
~ 0 

~ 12 
. ~ 24 ..... 

><36 
~ -. 
~48 

N 
E 24 ,., 
0 
::::. 20 
~ 16 
~ 12 
'" 8 >< 

~ 5 
:z: 10 ... ... ... 15 Q 

z 20 ; 
6 

5 
i 4 
:z: 3 
5 
;; 2 

1 

0 
HI 140 130 120 110 1110 go 80 70 60 50 40 30 20 

ICM 224 208 192 176 160 144 128 112 96 80 64 48 32 

DISTANCE fROM BATTERY ALOIIG RIVER AXIS 

m AREA HAP OF ESTUARY 

[!) CHAtiNEl I«liIlilD1ETRIC INDICES 

& POW[R-GEtiERATIIIG PLAIITS 

• lAllP1ARK CITIES 

Source: Texas Instruments, 1975. 

FIGURE 2-5 

MORPHOMETRIC CHARACTERISTICS OF THE toWER· HUDSON RIVER 
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estuary is generally good, allowing the unrestricted use of water 
(including municipal supply) roughly between Mile Points 60 and 125. 
Water quality upstre .. of Mile Point 125 to the Albany area de
teriorates, rendering the river unsuitable for bathing and as a 
source of municipal supply. Downstre .. of Mile Point 60 the estuary 
is subject to intru.ton of salin. water and the river becomes un
suitable for IlUnicipal supply. ~ogressively vornning water quality 
exclude. the use of the river for cOIlllll!rcial ahellfishing downstream 
of Mile Point SO as veil as bathing down.tre .. of Mile Point 30 
through to the Battery. 

2.34 Municipal discharges of sevage into the river are the 
principal causes of poor vater quality dOWDstreat of Albany and in 
the Hew York City area (Rational C~ission on Water Quality, 1976). 
In spite of substantial reductions in wast~ loads since 1967, dis
,olved oxygen levels in these portions of the river fall below the 
critical level of 4.0 .illigras per liter* during sw.er and 
periods of extre .. ly low flow (Hational Co.mission on Water Quality, 
1976). A .. x~ua concentration of ·colifo~ bacteria occurs in the 
Hew York City area vhere a count of 122\,:600 cells per 100 milliliters 
has been reported (Iiti~.l Commission on Water Quality. 1976). Un
desirable high colifo~ co~nts are charecteristic of approximately 
one-half of the Hudson River within the study area (Hational Com
mission on Water Quality, 1976; u.s. Council on Environmental Qual
ity. 1976). Although the elevated bact,riololical content of river 
waters is attributed for the DOst part to point sOurce •• the con
tributions of stormwater runoff and co.bine44f6wer disch.raesare 
thought to be appreciable (Rational Comaisiion on Water Quality, 
1976). 

2.35 Dissolved oxyaen levels in the remainder. of the estuary 
remain above 4.0 milligrams per liter. Althouah 5-day 'biochemical 
oxygen demand of the river vaters is le.arally Dot hilh, beinl less 
than 4 ailliar_s per liter, the corresp9Ddilll-ch_ical oXYlen demaRd. 
ie at a substantially'hI.h'er level of 12 to 35 millf.lralls per liter, 
sugge~ting the presence of refractory or nonbi~ .. rada&le orlanic 
material (Hational Commission on Water Qualtiy. 1976). 

*A level of 4.0 .illiar .. s per liter of dissolved oxygen is 
considered as a lenerally applicable min~needed to ensure 
survival of aquatic life (U.S. Council. on Environmental Quality, 
1976). Other criteria'a'dopted as beDe"'rk~luesby the Council on 
Enviro .. ental Quality in aSlels"ina vater quality trends of U.S. 
rivera are al foUavs: fecal colifona b8ctel'~--200 cells per 100 
.illiliters (health protection of svLamers)~ ~~chemical oxygen 
demand--5 milligr ... per liter. total phospho~.--O.1 millilram per . 
liter (prevention of nuisance algae growth). aDd total nitrogen--l.0 
milligram per liter (U.S. Council on Environmental Quality. 1976). 
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Nutrients 

2.36 Due principally to the inflow of sewage from New York City 
and Albany areas, concentrations of nitrogen and phosphorus in the 
Hudson River estuary are often at levels higher than those generp 11 v 
considered to be indicative of eutrophication. Phosphorus levels ex
ceed 0.1 milligrams per liter over almost the entire length of the 
river within the study area, and nitrogen levels are above 1 milli
gram per liter over approximately one-half that length (National Com
mission on Water Quality, 1976). In spite of high nutrient levels~ 
the manifestations of eutrophic conditions are limited to occasional 
nearshore blooms of al.gae. Factors that tend to control algae 
productivity are the relatively short growing season and rapid flow 
of the river. Other factors, such as turbidity (not especially high 
in the Hudson River), elevated concentrations of suspended colloidal 
particles and abundance of organisms, act as barriers to light pene
tration and may further control the growth of algae (National Com
mission on Water Quality, 1976). 

Toxic Substances 

2.37 Concentrations of heavy metals in the Hudson River are 
generally be low leve ls that are lethal to aquJit i..: . Hog i. <l i ";'13 and re
htiv>!ly hi~h concentrations of iron, copper and lead have been re
ported (National Commission on Water Quality, 1976). The extent to 
which residual quantities of pesticides may be present in the waters 
of the Hudson River has not been determined. In view of the small 
portion of land devoted to agriculatural uses within the study area, 
pesticides are considered as a relatively minor health hazard in com
parison to sewer overflows and storm runoff from urban areas 
(National Commission on Water Quality, 1976). The confirmed presence 
of polychlorinated biphen~'~ (PCB) compounds in the waters, sediments, 
and fishes of the Hudson River (New York State Department of En
vironmental Conservation, 1975; 41 FR 8409, 26 February 1976) has led 
to a ban on most commercial fishing in the Hudson River as of 26 
February 1Q7·) (I) NYCRa. Section 12.19) and advice to sports fishermen 
to restrict the intake by individuals of fish from the Hudson to no 
more than one meal per week. Regulations promulgated by the U.S. En
vironmental Protection Agency (42 FR 6532, 2 February 1977; 40 CFR 
129.105) now prohibit the discharge of polychlorinated biphenyls in 
liquid effl~ents from plants that manufacture these compounds or 
electrical equipment (transformers and capacitors). Nonetheless, 
substantial quantities of polychlorinated biphenyls remain in the 
river, and studies are underway to assess the severity of the problem 
and the means available to remove and dispose of the compounds (Kopp, 
1977). There are presently no estimates of how soon the ban on 
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ca..ercial fishing might -be partially or totally lifted or when 
residual quantities of polychlorinated biphenyls in the river might 
be subst.nti.lly reduced. 

2.38 The w.ste· heat rejected by steam electric generating 
f.cilities on the Bud.oo River e.tu.ry constitutes the l.rgest co.
pon.nt of the .rtifici.l th.mal load iaposed on the river (Rational 
Ca.ails t'Jll on Vater Qu.lity, 1976). Pield survey •• nd nUll.rical 

~
~lations (Ch.pt.r 4 .nd Appendix B) indic.te that the teaper.ture 

of the river i. incr •••• d. both locally in the vicinity of the power 
plant .nd in cert.in portions of the estuary as a result of c~u-
1atbe effects. 

Salinity 

2.39 The Hudson River waters are lenerally characterized as 
fresh in the estu.ry .outh of Troy, beco.ing brackish below 
Poughkeepsie and saline below Peekskill (U.S. Department of the 
Interior, 1972). As previously discussed, the gradation in salinity 
reflect. the intrusion of oceanic waters into the estuary. 

Ab.tement of Wat.rborne Discharle. 

2.40 The anticip.ted reduction in point .ource loads under 
succeedina abat_at levels required by the Federal Water Pollution 
Control Act A.en~nt. of 1972 (PL 92-500) will largely alleviate 
.. ny of the current water quality shortcoaings in the lower Hudson 
River (Rational Caa.i •• ion on Water Quality. 1976). The law stipu
lates that conta-inants in the liquid efflu.nt. fro. plants in MOst 
.ajor industri.l c.tegories be reduced to levels that reflect the 
application of the "be.t practicable control technology currently 
available" by 1 July 1977 and the "best available technology eco
nomic.lly achievable" by 1 July 1983. Municipal sewage diecharges 
must "receive secondary treatment by 1977 and best practicable treat
ment by 1983. The ultLaate goal is to eliminate the discharge of all 
pollutants into navig.ble waterways by 1985. 

2.41 Projection. (Rational Coaaission on Water Quality, 1976) 
indicate that iapleaentation of the 1977 requirements (application of 
best practic.ble technology) will result in large iaprovements in the 
dissolved oxygen lev.1I in the Rew York harbor lirea. . Rear Albany I 
second treat .. nt of municipal wastes would not be sufficient to main
tain the level of dis.olved oxygen above 4.0 milligrams per liter 
during period. of extremely low flow. In midestuary (above Haver
straw Bay and below Catskill), the 1977 requirements are expected to 
produce only small improvement .... i.n dissolved oxygen levels. 
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2.42 Point sources are the major contributors of nutient levels 
in the lower Hudson River. Nonpoint sources, because of limited ag-
riculture in the basin, make relatively minor contributions (National 
Commission on Water Quality, 1976). Projections indicate that the 
1977 and 1983 requirements will have little effect on nutrien~ levels 
in river waters. On the other hand, the elimination of all point 
discharges would reduce the nutrient concentrations to low values, 
estimated to be 10 to 20 percent of those currently prevailing 
(National Commission on Water Quality, 1976). 

2.43 Closed cycle cooling systems, assuming these are installJd Q~ ~ 
at all eligible generating stations under the 1983 requirements, ,(; ._~-1 
would substantially reduce the artificial thermal load on the lower ~. 
Hudson River (Section 4 and Appendix E). 

2.44 The 1977 requirement for second'ary treatment of m~nicipal 
waters is expected to result in a drastic reduction of coliform bac
teria in the Hudson River. Waters would meet water quality standards 
applicable to swimming along the entire estuary except perhaps during 
periods following heavy downpours. The 1983 and 1985 requirements 
could lead to further reductions, but it appears doubtful that counts 
lower than 100 to 200 cells per 100 mil1ilte~s will be attained due 
to the subst4ntive contributions of nonpoint sources (National Com
mission Water Quality, 1976). Concentrations of heavy metals are ex
pected to be reduced only slightly by the 1977 and 1983 requirements, 
since industrial discharges represent relativley lti.HdY· S()urces of 
these contaminants in comparison to storm water runoff in urban areas 
(National Commission on Water Quality, 1976). 

Air Quality 

2.45 The Hudson River estuary lies within two Air Quality 
Control Regions (AQCRs) established by the u.s. Environmental 
Protection Agency (40 CFR 8t). These regions, outlined in Figure 
2-8, are the New York-New Jersey-Connecticut Interstate Region and 
the Hudson Valley Intrastate Region. Air quality within each region 
is characterized by the u.s. Environmental Protection Agency in 
accordance with measured concentrations of sulfur oxides, particulate 
matter, carbon monoxide, nitrogen dioxide and photochemical oxidants. 
The numerical criteria given in Table 2-4 provide a basis for classi
fying a particular region with respect to each of these pollutants. 
A Class I designation denotes the lowest level of air quality, Class 
III the highest. The New York-New Jersey-Connecticut Region is 
currently characterized as Class I with respect to all five cate
gories of pollutants. The Hudson Valley Intrastate Region is char
actl,!l',"-i.zed as Class I for particulate matter, Class II for sulfur 
oxides and Class 
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TABU 2-4 

POLL1J'fAIIT LIVILS rOR DlTIIKlNING 
AIR QUALITY OORTROL REGION CLASSIrICATIONS 

POLLUTANT 

Sulfur oxides 
Annual arithmetic mean 
24-hour maximua 
3-hour maximwl 

Particulate matter 
Annual geometric mean 
24-hour maximua 

Carbon monoxide 
1-hour maximum 
8-hour maximum 

1 

> 100 lJl/.3 

> 455 lJS/.S 

> 95 lJg/m3 

> 325 lJg/.3 

Nitrogen dioxide 
Annual arithmetic mean > 110 lJg/m3 

Photochemical oxidants 
1-hour maximum 

CLASS or UGIOR 
II 

60-100 lJg/m3 
266-455 lJg/.S 

> 1300 lJg/m3 

60-95 lJg/m3 
150-325 lJg/m3 

III 

« 60 lJg/m3 

« 260 lJg/m3 

« 1300 lJg/m3 

« 60 lJg/m3 

« 150 lJg/m3 

< 55 mg/m3 

.c; 14 mg/m3 

< 195 lJg/m3 

lJg/m3 - micrograms per cubic meter; ag/.3 - mi11igr8ll8 per meter. 

Sourc~: 40 CPR 51.3. 
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II for nitrogen oxides, carbon monoxide and photocheaical oxidants 
(U.S. Environmental Protection Agency, 1974). It .. y be well to note 
that the above classification sJst .. i,based on data recorded at 
monitoring .tation. and, therefore, is limited in it. representation 
of air quality withiQitla.,e.tireregioa. , .... i •• t concentrations of 
pollutants could be above' or below those ·i..,Ued, b,th ... c!hl:ltd.fica
tion in isolated localities in the region. 

2.46 In additioa 'to~the designation of Air Quality Control.le
gions, 'ederal regulations provide for the delineations of Air Qual
ity Maintenance Areas (AQMAa) or areas witbin which violations of' 
Federal ambient air quality standards can be expected over the decade 
between 1974 and 1984. '!'be Budsonaiver estual'Y ,overlap. three such 
areas--the lIew YH"k-lfe. Jersey-Co1Ulecticut (coextensive with t.he Air 
Quality Control 18.190), the Mid-Hudson (extending up the valley to 
encaapass Greene and Colu.bia Counties) arid the Capital Diet.rict (the 
northern end of the study area) Air Quality Maintenance Are ... 

2.47 The State of lew York bas promulgated standards applicable 
to ambient air quality over tbe State, in accordance with provisions 
of the Clean Air Act. A sum.ary of these standards togetberwith 
Federal Ambient air quality standar~s (40 Cr.R 50) i. given in Table 
2-5. An extensive network of continuou. and .. nual airquali·ty IIlOn
itoring systems is .. intained throughout the state by the Department 
of Enviroamental CODlervation, Bureau of Air Quality SurveiUance 
(llew York State Depart .. nt of EnvlroD~ntal Con.ervation, 1976). In 
addition, .onitoring systems in the Jew York City area and on Long 
Island are .. intained, respectively, by the lIew York City Depart_nt 
of Air Resources and the Long Island Lighting Company (llew ~ork State 
Department of Environmental Conservation, 1976). 

2.48 .Air quaUey tbrough the Scate of lie" York ,continues to 
show general improv_nt (Rev York State Departllent of Environaental 
Con.ervation, 1976). Since 1970, there hal been a fairly cODsistent 
reduction in .ulfur dioxide level. at .ost continuous air monitoring 
stations, with, for the fir.t tiae in 1975, no station recording any 
excesses over ambient .tandard. for .ulfur dioxide. Sub.tantial de
clines in annual average values of sulfur dioxide concentrations have 
been noted at several continuous monitoring station. in the state, a 
number of them within or near the .tudy area. Among these, the 
Roosevelt Island Monitor in the lIew York city area hal .hown the 
largest decline in the .tate--areduction of 73 percent between 1970 
and 1975. Lesser reductions have been Ma.ured at King.ton (55 per
cent), ReQ8~Al~er (30 percent) and Eiseahower Park on Long Island (40 
percent). The running annual averages of sulfur dioxide concentra
tions .hown in Figure 2-9 illustrate the declining trends in measured 
concentrations where these have been most pronounced in the State of 
New York. -

2-26 



TABLE 2-5 

SU!lfARY OF SELECTED NEW YORK STATE 
AND FEDERAL AMBIENT AIR QUALITY STANDARDS 

Sulfur 
Dioxide 

AfiiiGtiIG 
PUlOD StATISTIC 

12 co .. ecutive Aritbaetic.aan 
.nata of 24-hour everqe 

ccmceDtratiolltl 

24 houra3 Ma1a_~ 

3 houraS Maia_ 

Total 12 conaecutive 
I 

G_tric ... n 
Suapanded .anthe 
Particulatea 

24 houra 

30 daya6 

90 daya6 

of 24-hour aver .. e 
concentrati01la 

Maia_ 

Arit~tic ... n 
of 24-hour average 
concentratione 

Arithaatic _an 
of 24-hour aver .. e 
conceotratlol1t1 

AritJ.-tic _an 
of 24-bour averaae 
concentratione 

0.03 

0.14 

0.5 

lIitroaan 
Dioxide 

12 conaecutive Arithaetic _an 0.05 
_the of 24-hour aver .. e 

ccmceDtratiOll8 

80 

45 
55 
65 
75 

250 

80 
100 
115 
135 

70 
85 
95 

115 

65 
80 
90 

105 

100 

All 

All 

All 

I 
II 

III 
III 

All 

I 
II 

III 
IV 

I 
II 

III 
IV 

1 
11 

III 
IV 

All 

FBDBJW. 
PUlWtY 
STAllD.UDS 

0.03 80 

0.14 365 

75 

260 

0.05 100 

0.5 

60 

150 

0.05 100 

fpm - perU par aJ.llioo by vol_; 1l1'a' - aicroar __ par cubic .. ter 
New york St,te &lao baa etandarda for carbon aonaKide. photoch .. ical oxidante. hydrocarbona (nonaathane). 

berylli_. fluorid_. hydroaen aufllde and aettleable particulatee (duatfall). Standarda apply at a 
reference t.aparature of 2S·C and reference pruaure of 760 ailliaetera of aercury. 

21n effect IIarch 1977. 
3Alao cluriaa _y 12 _ecutive _the. 99 parcaDt of the valuee are not to axceed 0.10 ppm in New York State. 
~ All aazt.a ~_ are val_ DOt to be axceeded .ara than ODce a year. 
5Alao cIuriaa any 12 conaacutive _the. 99 percent of the valuea are Dot to axceed 0.25 ppm in ~ew York State. 
6Por anfor_t anly. 
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2.49 leadioal of lulfur dioxide 'concentrationl from the .. DUal 
.onitorina Itationa throuabout the Itate aenerally corroborate the 
fiDdinal of the continuoul .onitorinl Itationl (Rev York State De
part .. nt of Enviroa.8ntal Conlervation, 1976). The annual arithaetic 
.. ani of sulfur dioxide concentrationl reported ~1 .. nual aonitoring 
stationl vithin the study area (excludinl W.w York City and the Rev 
Jerley countiel) for the yearl 1973, 1974 and 1975 are given in Table 
2-6. Rone of the reported aealureaentl in 1975 exceedl the Federal 
aDdltate .abient air quality Itandardl of 0.03 partl per .illion, 
annual arith .. tic .. ani. lelatively high valuel are reported in the 
Albany area, Kinaltou, 'ouahkeeplie and the coaltal and louthern 
portioDl of Veltchelter County. Stationl in lockland County show 
la.e of the lowelt valuel recorded in the Itudy area. 

2.50 Oblervations of total IUlpended particulate concentrationl 
recorded in 1973, 1q74. Atl(1 1975 at .. nual .,nitorina Itationl vithin 
the Itudy area (excludina Rev York City and the He" .J~r"'ey counties) 
are shoWD in Table 2-1~ !be data indicate a generally improving or 
Itable lituation, vith all Itations except two in the Albany area re
porting annual geometric .. an concentrationl belov the Federal and 
state standardl of 75 .icrograas per cubic meter. While the informa
tion prelented in Table 2-7 is inadequate to establt"h ~tlttistically 
I~ificant trends, it .. y be noted that only 7 of the 43 sites re
porting fail to shov .oRotonically decrealing values from 1973 to 
1975. 

2.51 Fraa-entary field data OR airborne cont .. inants other than 
lulfur dioxide and total IUlpanded particulatel have been collected 
(Rev York Depart.ent of Enviroa.ental Conlervation, 1976). Wbere an
alYlil of the available data is pOlsible (New York Department of En
virOlllental Conservati'Hl, 1976), there are no indications that air 
quality il deterioratiaa in the Itudy area. Instancel of violations 
of Federal and Itate .. bient air quality Itandards are generally le8s 
frequent in the data reported in 1975 than in previous years. 
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TABLE 2-6 

ANNUAL AIlITBMBTIC MEAN CONCENTRATIONS OF SULFUR DIOXmE 
IR THE STUDY ARIA FOR 1973 TBBOUGH 19.75 (p~) 

r 

STATION (STATIOM' NO.) 1973 1974 1975 . , 

Albany County 
Albany' (03) . 0.021 0.018 0.017 
Albany (08) 0.030 0.033 
Albany (13) 0.021 
Cohoes (01) 0 .. 014 .,0.011 

Rensselaer County 
Troy (02) 0.008 0.007 

Greene COunty NO DATA AVAILABLE 

Columbia' County' 
Hudson (02) 0.006 0.006 
Philmont (02) 0.006 0.006. 

Ulster County 
Kingston (09) 0.011 

DutcheSs CoUlity 
Poughkeeplie (04) 0.012 0.017 ' 
Fishldl-l (01) 0.009 
La Grange' (61) . 0.009 0.007 

Orange County NO DATA AVAILABLE 

Putnam County NO DATA AVAILABLE 

Rockland County 
West Haverstraw (01) 0.005 0.,007 0.006 
Nyack (04) 0.007 0.008 0.006 
Clarkstown (03) 0.002 0.005 0.003 

Westchester County 
White Plains (01) 0.011 0.014 0.012 
Mount Vernon (04) 0.016 0.016 
Port Chester (02) 0.010 0.011 0.012 
Mamaroneck (01) 0.012 0.014 0.013 
Greenburg (01) 0.010 0.009 0.007 
Mount Pleasant (02) 0.008 0.010 0.008 
Somers (02) 0.006 0.007 0.008 

Both Federal and state ambient air quality standards are 0.03 parts 
per million, annual arithmetic mean. 

Source: New York State Department of Environmental Conservation, 1976. 
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TABLE 2-7 

ANNUAL GEOMETRIC MEAN CONCENTRATIONS OP TOTAL SUSPENDED PARTICULATE 
IR THE STUDY AHA lOa 1973 TBllOUGB 1975 (ps/1ll3) 

STATION (STATION NO.) 1973 1974 1975 

4lbay Cowlty 
Albally (02) 110 95 79 
Albally (03) 57 51 50 
Albany (10) 102 76 75 
Albany (13) 93 69 66 
eoeJlUlle (01) 61 44 41 
Coe,.ane (02) 53 52 42 
Colonie (03) 55 51 52 

Ileueelaer County 
..... laer (02) 74 62 54 
Troy (02) 55 53 46 
c.etleton (01) 34 39 39 
Grafton (01) 30 28 30 

Greene County 
C.tekill (02) 107 101 64 

Colu.bia ColIDty 
lIud_ (02) 56 58 47 
Pbi~t (02) 29 28 29 
c._town (01) 51 46 39 

U1eter County 
noa-too (04) 69 79 56 
.. Pa1ty (01) 57 61 48 
Illenvi1le (02) 41 43 32 
Sauaertiee (01) 70 46 43 
Slunranlunk (02) 50 40 31 

Dutcbe.. CoUllty 
POUJhbepe1e (04) 48 58 56 
IhtDellec:k (02) 46 41 40 
La Grenae (01) :i7 3. 30 

Orena_ County 
Rnburab (02) 84 73 65 

Putnu Count, 
41 ar-tH (01) 51 49 

Ioc:ItlancI Count, 

We.t IIaventrav (01) 47 49 48 
Suffern (06) 56 53 48 
C1uUt_ (01) SO 44 37 
Or ..... burl (01) 54 52 46 

W .. tcbaater CaUllty 
P .. 1te1tU1 (01) 65 76 60 
White Plataa (01) 57 55 50 
Mt. Vernoa (04) 71 54 50 
!lev Ioc:helle (02) 64 58 59 
oaeintnl (01) 44 59 46 
Port Cbeeter (02) 51 57 42 
aye (01) 58 59 64 
~roD8Ck (V) (01) 51 50 48 
Iortb Tar1rJl- (01) 46 53 44 

Gr-uurilla 59 61 55 
.... rauek (T) (01) 60 59 52. 
lit. P1_t (02) 40 45 42 
SaMra (02) 36 36 34 

York~ (02) l2 37 33 

Both '.ere1 aDd etate ... 1eIIt air ,.lit, et&adarde are 75 II1crosr_ 
per _ter ...... 1 .-eric .... 

Source: New York State Depart~t of In91roa.eata1 Coneervet{on. 1976. 
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BIOLOGICAL RlSOUlClS 

2.52 Th. biolo,ical r •• ourc.'of the Bud.on aiver valley are 
extenaiv. and "ariecl.·!wn, •• ,'.l .oo.,.t ... , ... c;l"eI.,up'~ael foreata, 
old-field and •• c ... r..,.IF .... it' ..... l'~c;ultwal_~ad., anel .ub-
urban and urben ... iroa.eat •• -Ioth fr •• hwater and .. rine wetland 
communi tie. ar. found. . Aquatic eoo".t... i~luel ... rine eco.y.t ... 
at the .oatb of the ri".r ~ ... York, _cliUIL.aad low-.alinitY eco-
8Y8teD8 in the lower aDel .mdell ••• tuary. and fre.h.at.r .co.y.tema in 
the upper e.tuary. 

Upland Ico.y.t ... 

2.53 The Bud.on aiv.r Vall., .oatb of Troy. R.v York. lies 
within tbe Oak-Ch •• taut For •• t .. ,ion (Braun. 1950; Shelford. 1963). 
The che8tnut ha. ,radually di.appeared vith the .pr.ad of the chest
nut blight and ba. be.n r.placed by .evera1 .pecies of oak. and 
hickories. 

2.54 Becau •• the Bud.on aiv.r Vall.y ha. b.en ext.naively 
utilized by .. n for a~.t three oenturi •• , ".t and pr ••• nt land use 
largely deter.in.. the type of v.,.tation that nov exi.t.. Rearly 
all of the fore.t laDelha. beea cut .or. than onc.. Since the peak 
of agricultural activiti •• in the 1880 •• .uch land ha. rev.rted to 
forest throuah natural.acc ••• ion. Becau.e of the mixture of .econd 
growth fore.t, a,ricultural, and open land. the predoainantan~ls 
are white tailed de.r. rabbit ••• kunk •• opo .... , raccoon., squirrels, 
red and gray fox and ruffl.d arouee that adapt to tbi. type of 
habitat. 

2.55 Ob.ervation. of the upland v.getation of the Bowline 
Point area prior to cODitruction of the Bovline Generating Station 
are 8ketchy. At tb. t~ of a .it. vi.it in lov •• b.r 1976, willows 
were ob.erved to b. 0 .. of the do.inant tr •••• vith blaclt a.b, elm, 
and red .. ple a1lo c~n. Ani .. l. of the ·'ar.a have notb •• n .ur
veyed. Communiti.. in the ar.a are likely to be made up of those 
species typically a •• ociated with the aixtur. of urban land, old 
field communitie., tidal and nontidal wetlands, and second growth 
woodlands that exi.t. 

Wetland Ico.y.t ... 

2.56 Th. tidal wetland. of tb. Bud.on liver Valley .outh of 
Troy consi.t of fr •• h.at.r .. r.h.. in tb. aorthern portion and 
mar8hel adapt.d to the conclition. of aod.rat •• alinity ia the south
ern portion. Fr •• hvat.r tidal .. r.hlaDel. found north of Hile Point 
60 to 65 typically have hilb'r diy.r,ity of fi.h .peci.s and are 
important ae.tin,. r •• ting and f.eding are.. for ai,ratin, waterfowl 
(Kiviat. 1973). S~ilarly • .ad.rat •• alinity wetland8 are known 
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to be highly productive and to support a very diverse fauna of fi8h, 
invertebrate8, and 8ea80nally migrating waterfowl. 

2.57 The abundance of sa.e plants found in six tidal wetlands 
of the oligohaline Haverstraw Bay vicinity (Piaure 2-10) 8urveyed in 
1972 are coapared in Table 2-8 (Lawler, Matu.ky and .~elly, 1975). 
Description of the .. rshe. in the vicinit)' (Jft~ Bowline Point (Pig
ure 2-11 and Table 2-9) prior to the constraetioa of the power plant 
(Poley and Tabor, 1951; lev York State Con8ervatlon Depart.ent, 1972) 
indicate8 that these .. rshes are sLailar to oth.r aarshe8 in the 
Haverstraw Bay area. 

Aquatic Bcosyste.. of the Hudson River B.tuary 

2.58 The ecosy8teo of the Hud80n River estuary rallie frOlll 
high salinity areas at the mouth of the river at ... York City to the 
freshwater ecosysteas of the upper estuary north o'f Mile Point 65. 
In between are the mid to low-salinity ec08yst... of the lower e8tu
ary and the oligohaline areas, including the lIaVerstraw Bay region, , 
that experience freshwater conditions during theperiod8 of high 
fre8hwater flow in winter and spring ,«nd low 8"aliatt:Y"condition8 dur
ing 8Umler and fall when freshwater flow is lOve,t.Si.piified dia
gr.s of the upriver freshwater eco.fst_ and t~ dOVDT·l:ver 8aline 
ec08ystea are given in Pilure. 2-12 .nd 2-13. In the'eltuary the 
dOilinant primary producer. are 'PhytoPlaDkton. Grasing on phytoplank-

\........./ ton are the zooplankton and other inv.rt·.brat.s, which, in turn, 
8erve a8 food for fish and other con .... r ota,ni.... An iaportant 
feature of the estuary is tbe'iil.'tmal spawning' aoveaent of DUlny fish 
species into and out of the river. 

Phytoplankton 

2.59 Strong seasonal changes in 8pecie8 coap08iton occur 
throughout the Hudson estuary, ·· ... ith 'diatOlflil doeinating during colder 
months and areen and blue-green a11ae doaibating during the warmest 
IDOnth8. Tvo peak8 of sea.o~aJ abundanc,e ~ave been noted in many 
8tudies, u8ually in April to .tuly and again··loa October to Deceaber. 

2.60 Differences in th.'dOlllinant diatoa type have been 
ob8erved in the aid- and lover .e.t .. ary. Centric diat01l8 are 1IOst 
abundant near the mouth of the estuary' i. high salinity areas. Domi
nance is 8hared by centric and pennate'diat01l8 in the mid-salinity 
reaches of the lower estuary. vhile pennates are generally the mo8t 
abundant in the oligohaline pqrti~. of, the .• iddle e.tuary, including 
the Bowline Point area. Becau.e .iliul'ty tolerftee' 'Varie .. iIIichlg phy
toplankton species. co..unity dOlllinance changes at Bowline Point 
8ea80nally with 8alinity. 
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TABLE 2-8 
RELATIVE ABUNDANCE IN 1972 OF S<ItE PLANTS IN SIX MARSHES 

ALONG THE HUDSON RIVER 

sncus P1~ CIO'IOII MiIifij 1M iIiimU COIISTITUTIOB 

IIIIOCOT'fIDoIIs 
Gr_in!!! (Gr ..... ) 

Pbra.t •• co PU Jam mE mE a. It mE 
s,.niDa altemifiora ltD mE It 

!. C7IlO-ide. :am It It 

!. ,.ta. lID mE 
!. pectiData It It 

DiaticbU. !pleata mill mE 
ZiADia aquatlea x mE X :am 
IcbiDoc:bloa walted 7 a mE mE 

., 
mE 

Laereia oryaoiclu 1 mE mE 

Ctperac... (Sad ... ) 
Selma robut ... mE It 

S. aer1eaDu mE mE mE It X x 
s. fluviatUia mE It It 

i. olD.yi It mE x Jam mE mE 
s. val1d118 mE It It X mE 

~r118 odo~ 1 mE mE , 1 1 
.r18;a 7 U 7 , 7 T 

JUDUC ... (Ruabe.) 
~ Ierardi U xt 

Other MoDoc:ote 
""""!i:ie auMtifolia Jam Jam Jam Jam Jam Jam 

'f. latifolia x It x U x 
i~pmula 7 mE 7 ., 
~nnmiu U a Jam Jam Jam Jam 
Poet_ria cordata , • • U T U-Jam 

DlCO'fI1.BDCIIS ·--I .. f Llluop.u lJaaata mE U , 7 , 7 
1ft fnt_ a 
so~ •• :r.:gnr.u a-a 
At plp • .7 
Pt1lt.tUa upUJ.ac.. x mE 
L$rua eu.,.rla mE U U mE mE U 
!!H pal .. tru , x x It X mE 
~D!!!!!!! 7 It It It • U 
K1)1ac:ua p!lwtria a U • • 7 U 

IwU-. 1tf'!!!tij!!!\jr S X U U It U 

• X It It It C!!!MtJ •• 
.!I!H~ mE It 

:!::::'.l' mE U • 1 U 
x 1 U mE It U 

!. pupetata mE U mE mE U 

PrDIDOPIltTIS (lena) 
'lI!!l!ptaria t:tIrru mE • mE Jam mill xu 
0Ia0claa... • 1 s mE mE U U 
oauadue n,lij f x U mE U 

ley: It .1nc~ 
U • occ.d •• ' to _ 
Jam • wry ~ or larae'tt... 

• not pn...t 
T • q ... ttaaable ~ti'1catioD 

Source: Lawler. Jlat .. 1ty and Re1ly. JUD. 1'75. 
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TABLE 2-9 

VEGETATION OF THE GlASSY POINT MARSH 

AREA STUDIED VEGETATION ABUNDANT CCHI)N UNCOMMON 

North End of Present Arrow arum x 
Property Common cattail x 

Narrow-leaved cattail x 
Sweet flag x 
Water hemp x 
COIDOn jewelweed x 
Purple loosestrife x 
Swamp mallow x 
Water parsnip x 
Pickerelweed x 
Common duck potato x 
Wild rice x 
Swamp smartweed x 

Open Marsh Under COIDIlOn cattail x 
Present Site Reed grass x 

Common jewelweed x 
Purple loosestrife x 

Edge of Bowline Pond Wild celery x 
- NE Sago pondweed x 

Common waterweed x 
Reed grass x 
Common jewelweed x 

Edge of Bowline Pond Common coonta1l x 
(west) Lesser bushy pondweed x 

Sag~ pondweed x 

Source: Foley and Taber, 1951. 
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FIGURE 2-12 

SIMPLIFIED TROPHIC MODEL FOR THE HUDSON RIVER AT THE PROPOSED 
GREENE COUNTY NUCLEAR POWER PLANT SITE 
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FIGOU 2-13 

SIMPLIFIED AQUATIC rooD WEB NEAR BOWLINE POINT 



2.61 Total phytoplankton abundance tends to increaae upatre .. 
frOD the .auth of the eltuaxy. The laraeat atandina Itock of phyto-

Clankton (measured as chlorOphyll a and c) often occura between the 
Georae Waahinaton Bridae and Oilinina durina the ap~iaa~au.aer pulae 
of abundance. 

Zooplankton 

2.62 Tbe zooplankt~ co.munity in the Budson aiver eatuary is 
divided into the m1crozooplankton luch al copepoda, protozoana and 
rotiferl, and the .. crozooplanktqa such al aaphipoda and isopodl. 
The community includes thoae a~iel luch al copepoda that live their 
entire life cycle aa plankton (.oloplankton) and the plaaktoaic 
larval forml of lpeciel (pr~tily benthic oraanil") whoae adult 
tom is nonplanktonic ( .. ropt.Dltton). 

2.63 Distribution of.pecies alona the lenath of the eatuary 
varies with salinity.. Mixtures of marine and salinity-tolerant 
freshwater Ipeciea are c~n in the salin_ and brackish water por
tions of the estuary. Marlne or brackish .ater oraanis .. are rare in 

. the freshwater portionl of'the eltuary. A few Ipecies luch al ·the 
_phipod G .... rus are c~n in all parts of the estuary. 

2.64 Copepods.~ aenerally the dominant zooplankton apecies 
in the low salinity po~tJons of the estuary, with cyclopoid foraa 
.alt numerous in the wiater and and calanoid forma in the lummer. In 
"the frelhwater portionl of tlleeltuary, limited data "sulleat that 
Cladacerans (especially the Leptodoridae) are dominant durina the 
lummer monthl and copepoda durina the winter and Iprina. Rotifers 
are moderately abundant aDd .ay at times become numerically do.inant 
over copepods (exclusive of copepod nauplii). 

2.65 Zooplankton are ~st abundant durina the late sprinl and 
summer in the low lalinity poiti;on of the eltuary. So_tiMl a s .. l
ler fall aaxiaum will occur~ Data for one year from the eatuary 
north of Saulerties suaaestl that the salle pattern .. ay occur. in the 
freshwater portion of the eltuary also. 

2.66 Zooplankton in the estuary tend to exhibit daily verti
cal lIiaration, beina most abundant in deep water durin, the day. 
Surface abundance increases Ireatly at night. Vertical aiaration il 
less evident amona aicrozooplankton forms. 

Benthic Aniaala 

2.67 The salinity aradient within the Hudlon aiver estuary is 
important in determinina the coaposition of the benthic community at 
any point within the estuary (aistich et al., 1977). Marine 
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organisms adapted to relatively stable salinity conditions are re
stricted to a narrow portion of the estuary near the mouth. Fresh
water species gradually disappear as the salinity increases down
stream in the estuary. The oligohaline zone exhibits the lowest 
species diversity because of the rapid changes in salinity experi
enced as freshwater flow increases and decreases in response to 
seasonal rainfall patterns. 

2';68 orgauIi .. are IlOst abundant in suumer and early fall 
when reproductioti 1188 occurred. Biomass is greatest in fall after 
some growth of .maller individuals has occurred. 

2.69 In the midsalinity zone, benthic community structure was 
initially thought to be constant from year to year (Lawler, Matusky 
and Skelly, 1915a). However, recent studies have shown the yearly as 
well as seasonal variation expected to occur in normal benthic commu
nities (Orange and Rockland, 1917). The isopod Cyathura polita is 
widespread, indicating low levels of pollution. Organisms character
istic of higher salinities become more prevalent in late summer and 
early fall when freshwater flow is lowest. The dominant organisms 
are annelid worms with oligochaetes more prevalent in lower salini
ties upstream and polychaetes more abundant toward the estuary mouth. 
However, at tLDes the gastropod Amnicola becomes dominant in the be
nthic community (Orange and Rockland, 1977). Benthic organisms are 
used by many species of fish as a food resource, depending on the 
fish species, size, and time of year. The amphipod Gammarus, various 
copepods, and dipterans are known to constitute a substantial portion 
of the food resource used by Hudson River fishes (Orange and Rock
land, 1977). 

2.70 The benthic community of the oligohaline zone has been 
studied most extensively in the Newburgh Bay area. Dominant benthic 
organisms were oligochaete worms and dipterans (insects). Numbers 
are greatest in spring and least in fall, except for dipterans, which 
are most abundant in winter and least abundant during spring. Com
munity structure has been similar over the years studied, with year
to-year sLailarity greatest during spring and least during fall. The 
major fish food is the amphipod, G .... rus. 

2.71 In the freshwater zone, oligochaetes and dipterans are 
the dominant forms. Biomass patterns are seasonal and generally re-" 
lated to various life cycles. 

2.72 "Many studies have shown the importance of benthic organ
isms in the diet of fish. McFadden (1977) reported that juvenile 
fish in the Hudson River prey upon copepods, cladocerans, amphipods, 
insect larvae, polychaetes, mysids, crabs, and ostracods. Adult fish 
consume amphipode, insect larvae, isopods, polychaetes, copepods, 
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chironomid larvae, and 8hriap. The U8e of food re8ource. by fi8h 
varies with sea.oa. and availability of partic:ular food it .... 

Fi8h BII., Larvae; and Adult. 

2.73 The major aiaratory fish utilizina the Hud.on liver 
estuary are ,the 8triPed,ba,~s (Horone,8U8tilis), ~an 8had (Al08a J ...... :.~_L 
8a idi88· ' ). blueback herrina (Alb •• · ... tl •• li8) t~~~~oac~ ~ ~ 
Micr08radu8 toliacod). aleWife, (Al0 •• ·:e.iudo~tr:r.)' .ii~di_,. L 

eel (Anguilla r08trata). White perch .CX;rou' ricana) i8an .~ 
u-portont ro.id.nt .peci •• with •••• onel .. veoent. in the •• tuory. ~ 
Except for the eel,the8e ip~~ie8 ut~lize the e.tuary for ~p8WDina 
and a8 a nursery area for their youna. The'aiaratory .pec1e8 u8ually 
spend their adult life in the down.tre., biah-.alinity portion. of 
the estuary Or in the ott.hore coa8tal ;at.r., IIOvina into; the middle 
and upper estuary to 8pawn. Sua.ary life hi8torie. of the .. jor 
migratory fishes of the Hudson River are given in Appendix D. 

2.74 Infot1l&tion on the general spawning period. of several 
species and their geueral 8p~ina zQnes is ..... rized in Figure. 
2-14 and 2-15. Alt~oU&h~ot listed in the fiaures, bay anchovy is an 
important species spa,",ina in the .i ..... linity areas of the lover 
estuary as well a •• aline waters aloDI the Atlantic coast (Orange and 
Rockland.' 1977). Most 8pecie8 are 8prina and sUlllller spawners and 
utilize the fre8hwater portion of the e8tuary. 

2.75 Yolk sac and p08t-yolk 8ac larval stage8 of these 8pe
cies move down8tream at variable rate8 into the oligohaline zone of 
the salt front. . As growth continue8 and the juveniles obtain mobil
ity again8t the current8, the d~'tre .. mov*-ent continue. and sev
eral species (e8pecially striped bass) exhibit strong movement to 
shallow and shoal area8. 

2.76 By late fall most young and adults have moved to the 
lower estuary. Many adults.ave into the Atlantic coa8tal waters 
during the winter. Young striped bass and some adults .. y overwinter 
in the lower Hudson liver estuary. 

Fisbery Resources 

2.77 The commercial fishery in.the Hudson liver estuary is 
generally confined to the lower river between Tappan Zee and Croton
Haverstraw Bay (about Mile Poi~ts 25 ·to 40). So.e commercial fisbing 
also takes place in the upper river from about Mile Point 70 to 120, 
where the prLaary species of value are the American shad and striped 
bass. The lower river fishery i. primarily for shad, but striped 
bass, Atlantic sturgeon, white perch, and Atlantic tomcod are also 

~? 
l 

2-42 



to.) 

I 
~ 
w 

( 

ALEWI'IE AND 
BLUIElAa HfRRING 

A HAHTle TOIICOD 

AY£RICM SHAD 

WHI" NRCH 

STRIPlE8 _51 

h-~ 
~? 

( 

::«:?;~::~:?>~} .. ~:~~ ,:~~~~' 

I I I I 
- ~- -- -rS 100 12!. ISO u 

o 

n IN 

'UVIEA MILE S 

, 
./ 

.I;l 
~ ,! 
/## 

/ 

.... \ 
{ \ ..... -
\ 

_I. 'eNta _____ , ______ ..... 

-.=,;;;-- ."' ...... ;,--- ~--
I 

___ L ________ L 
IS SO n 100 125 ISO 

RIVfR .. 'US 

Source: Texas Instruments. 1975 

FIGURE 2-14 

GENERALIZED DESCRIPTION OF SPAWNING GROUNDS 
OF ANADROMOUS FISI1 IN TIlE IIUDSON RIVER ESTUARY 

~ GENERAL RANGE 

• PEAK RANGE 

",· .. CNI. 

( 



N 
I 
~ 
~ 

( 

CJ GENERAL RANGE 

ALEWIFE AND 
BLUEBACK HERRING 

ATLANTIC TOMCOD 

AMERICAN SHAD 

WHITE PERCH 

STRIPED BASS 

1_=:1 
(-----) 

. IIIIBI·) 

C-f'1!1t:1 J 

c-- .... -) 
L _ 1 _L_l . __ .1_ . _1._ 

oJ F M A M J oJ 

L 

A 5 o 

Source: Texas Instruments, 1975 
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collected. The fishing season is confined to the spring during the 
adult spawning runs. 

2.78 Displayed in Figures 2-16 and 2-17 are historical trends 
through 1975 of Hudson River commercial landings of shad, striped 
bass, and alewives. While the landing statistics may vary with the 
intensity of fishing effort and lack precise location of capture, 
they provide long-term historical records. 

2.79 Sport fishing is also an important use of the Hudson 
River's fishery relource. In 1970, the weight of the sport catch in 
the North Atlantic region (including New York) was 45,844,000 pounds 
(Deuel, 1973), compared to the commercial catch in the New England 
Region plus New York State of 2,780,000 pounds (U.S. Department of 
Commerce, 1971). However, only a portion of the North Atlantic stock 

~liS dependent on the Hudson River for spawning and nursery grounds. 

& 
~ Striped bass spawned in the Hudson River appear to make a substantial 

~ Atlantic (see Table 4-34), although presently the bulk of striped ~
~ J contribution (up to 30 percent) to the fishing stocks in the North 

\....,..-, 

bass appear to originate in the Chesapeake Bay. 

Endangered or Threatened Species 

2.80 Protected animals that are resident, ektirpated, or ex
tinct in New York State are listed in Table 2-10. In addition, all 
species of wildlife and plants listed by the U.S. Department of the 
Interior, Fish and Wildlife Service as threatened or endangered (41 
FR 43340) are also considered as threatened or endangered in New York 
State (NYCRR Section 182.1, Title 6). However, most of these species 
are not indigenous to the state. 

2.81 Two endangered or threatened species that potentially 
could be most affected by power plant operations are the shortnose 
and Atlantic sturgeons. Most Atlantic sturgeon present in the Hudson 
River during December'through March are ~ture fish congregating in 
obstacle-strewn deep areas, primarily between Pollepel Island (IM57) 
and George Washington Bridge (RM12) (Figure 2-2). In spring, imma
ture fish move up the river and have been observed as far north as 
Esopus Meadows (RM87). During summer, the immature sturgeon seek 
cooler, deeper waters. The distribution of juvenile Atlantic stur
geon is-largely dependent on water salinity and temperature (Dovel, 
1979). Spawning adults occur in the estuary from April through 
October. Spawning males are at least 12 years of age, weighing 12 
to 105 pounds. The youngest mature female collected to date was 18 
years old and weighed 72 pounds (including 8 pounds of ripe eggs). 
Atlantic sturgeon spawn roughly between RM36 and IMB3 (8ee Figure 
2-2), following the seasonal movement of the salt front upstream from 
May through July. Larvae, post yolk-sac larvae, and juvenile 
Atlantic sturgeon have been found generally south of Kingston (RM90) 
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TABLE 2-10 

ENDANGERED, EXTIRPATED AND EXTINCT WILDLIFE OF NEW YORK STATE 

RESIDENT ENDANGERED SPECIES 

Indiana bat~-' -':' . 
Northern bald eage12 
American ospr~y2 
Bog turtle2 
Shortnose sturgeonl 
Blue pikel 
Longjaw ciscol 
Karner blue butterfly2 
Cjittenango ovate amber snai12 

Myotis sodal18 
Haliaeetus leucocephalus alascanus 
Pandion halieatus-c:aTo11nensis 
Clemmys muhlenbergi 
Acipenser brevirostrum 
Stizostedion vitreum glaucum 
Coregonus alpenae 
Lycaeides melissa samuel is 
Succinea ovalis chittenangoensis 

MIGRANT ENDANGERED SPECIES 

Southern bald eagle 1 
Artic peregrine falconl 

Haliaeetus leucocephalus leucocephalus 
Falco peregrinus tundrius 

~TIRPATED SPECIES 

American peregrine falconl 
Eastern timber wolf l 
Eastern puma or coug~rl 

Elk 
Moose 
Eskimo cur lewl 

Falco peregrinus anatum 
Canis lupus lycaon 
Felis concolQr cougar - possibly 

extinct subspecies 
Cervus canadensis canadensis 
Alces alces americana 
Numenius borealis - possibly extinct 

EXTINCT SPECIES 

Gull Island vole 
Labrador duck 
Heath hen 
Carotina parakeet 
Passenger pigeon 

1 Indicates that the 
Endangered Species 

2 Indicates that the 
Species lists. 

species is 
lists. 

species is 

Microtus nesophilus 
Camptorhynchus labrodorius 
Tympanuchua cupido 
Conuropsis carolinensis 
Ectopistes misratorius 

on the Federal and New York State 

only on the New York State Endangered 

Source: NYCRR Section 182.1, Title 6. 
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during May to July. In the fall, juveniles move into deeper sections 
of the Hudson for over-wintering and adults leave the estuary for the 
winter months. At this ti.e, soae juveniles, 1-6 years of age, eai
grate from the Hudson River moving south along the Atlantic coast to 
other estuaries. There is no recreational fishery for Atlantic stur
geon at present in the Hudson River. Commercial fishing efforts have 
been largely ineffective in the capture of this species. 

2.82 The life history of the shortnose sturgeon is not as 
well known as that of the Atlantic sturgeon. Shortnose sturgeon are 
found throughout the Hudson River south of Albany-Troy (RM150), 
(Dovel, 1979). During the winter, shortnose sturgeon occur in the 
brackish portion of the Hudson, but primarily are found in freshwater 
areas upstream from Kingston (RM90). Mature fish appear to move up
stream in early spring to spawning grounds located between RMl15-135 

~ (see Figure 2-2). There is evidence suggesting that lome fish may 
\ also spawn in the fall. After spawning, spent sturgeon move down

stream into more saline areas, possibly into the Atlantic Ocean for 
an unknown period of ti.e before returning to the Hudson to spawn. 
Larval and juvenile shortnose sturgeon (lesl than 5 em total length) 
have been found in the Hudson River between Germantown (RM101') and 
Coeymans (RM 132). Older young-of-the-year have also been found in 

,-, the vicinity of Rew Baltiaore (RM130). "Tg be sopservative, it should 
r be assumed that the 97 mile area between-Haverstraw Bay (1M~6) iHa 

~"~.' Coeymans (IHIl2) reprelents the nursery area for larval, junveni1e, 
,{~., and young-of-the-year shortnose sturgeon. The popUlation of adult 

L~ shortnose sturgeon in the Hudson is estLaated to be about 6000 fish. 
7 However, this estimate is uncertain because of the low number of 

marked recaptures, and the actual size of the population could range 
from 2000 to 21,000. 

2.83 Certain species of native plants are protected by law in 
Hew York (Hew York Environmental Conservation Law 9-1503), making 
their destruction illegal. These are listed in Table 2-11. Selected 
species of plants fro. the list of endangered and threatened species 
of plants prepared by the Saithsonian Institution (Smithsonian Insti
tution, 1975) are identified in Table 2-12. On the basis of habitat, 
those plants that could be found in the Hudson River drainage basin 
are included in Table 2-12. The whorled pogonia orchid (Isotria 
medeoloides) is the only species that appears as endangered in both 
the Smithsonian Institution's list and the current list of the U.S. 
Department of the Interior. The latter list is constantly being ex
panded. 

Ban on Commercial Fishing in the Hudson River 

2.84 On 7 August 1975, following confirmation of the presence 
of polychlorinated biphenyls (PCB) in the Hudson River, the Hew York 

2-49 



TABLE 2-11 

NATIVE PLANTS PROTECTED IN NEW YOlU( STATE 

co.ON NAME 
Green-dragon (Dragonroot) 

Butterfly-waed (Chlgger.flower; 
Cl'ange Milkweed; Plel.l'lsyof'oot) 

BIuebeIl-of-5cotland (Harebell) 

American Bittersweet (waxwork) 

Pipei .... (Prince's-pine; Wax-
flower) Spotted Evergraen 
(Spatted Wintergreen) 

Flowering Dogwood 

S&ntew (Deily-dew; Dewthreed) 

Trailing Arbutus (Ground Laurel; 
Mayflower) 

SCIENTIFIC N~ 
Ariseemll drecontlum 

Asclepies tuberose 

Cempsnule rotumJlfolie 

Ce/estrus scent/ens 

Chlmllphi/e spp. 

Cornus florlde 

Drosere spp. 

Epigeee refNIns 

Buming-bush (Wahoo) Strawberry· EUDn'lmus spp. (Native) 
bush (Bursting-heart) 

All ferns. Including: Adder's-tongue. 
Azolla. Buckhorn. Cliff Brake. 
Cur!v-gr .... Fiddleheads. Hart's
tongue. Maidenhair. Moonwort. 
Polypody. Rock Brake. Salvinia. 
Spleenwort. _Iking-Ieaf. Wallof'ue. Filices.(Fi/icinee; 
water-sPlll1Ale. Wlloodsia. Ophiog'oss./es and 
'ad exclUd1i1ij liiCllen (Pteridium Filic./es) (Native) 

aquilinum): Hay-.centM F.n (Denns-
tetJdtia punctilobule): .... Itl.,. F.n 
(Onoc/e. sensibilis), "Ich .. not 
protected. 

Ague-weed, Blue-bottles. Gentian Gentiena spp. 
(Ga II-of-the-earth) 

Golden Seal (Orang8of'oot; Yellow H'Idrastis ca".densis 
Puccoon) 

Holly (Hulver); Inkberry (Bitter /lex spp. (Native) 
Ga llberry); Winterberrv (Black 
Alder) 

Laurel. Spoonwood (Calico-bush) Kalmia spp. 
"'icky (Lantidll) 

Lily. Turk's-cap Lilium spp. (Native) 

Cardinal-flower (Red Lobelia) Lobelia cerdinalis 

All Clubmosses. including: Bear's- L'Icopodium spp. 
bed (Christmas-green. Running 
Evergreen; (Trai ling Evergreen; 
Ground Pine); Bunch &ergreen; 
Festoon Pine (Coral Evergreen; 
Buckhorn; Staghorn Evergreen; 
Wolf's-claws); Ground Cedar 
(Creeping ~nny); Ground Fir; 
Heath CYJASS 

Bluebell (Roanoke-bells; Tree Mertensill virginicII 
l.tJn9WOrt; Virginia Bluebell; 
Virginia Lungwort; Virginia 
Cowslip) 

2-50 



'-..-/ 

TABLE 2-11 (Concluded) 

C~N~ SCIENTIFIC NAME 
American Bee_1m: O8wego Tea MOfIMdIl didymtl 

(lndlen-heads: ScM'1et ,,"-balm) 

Bayberrv (Cendlebeny) MyrlclI PtlllllllvtmlclI 
Lotus (Lotus Li IV; Neluneo; Nelumbo Iutell 
Pond~uts; water Chinquapin; 
Wonkapin; Yellow LotUS) 

Prickly Fe. (Wild Cactus; Indian Fig) Opuntill humifuslI 
(0. Comprllllllll, p.p.} 

All Native Orchids, including: 
Adder's-mouth (Malaxls); Are-
thusa(Oragon's-mouth; Swamp-
pink;,Bog<andle (Scent~ottle): 
Ca lopogon (Grass-pink; Swamp-
pink); Calypso (Fairy-slipper); 
Coral-root; Cypripeciium (Lady's-
slipper; Moccasin-flower; nerve 
root); Goodyera (Lattice-leaf; Orchidllcelle 
Rattlesnake-plantain); Kirtle-pink: 
Ladies'-tressas (Pearl-twist; 
Screw-auger); Orange-plume; 
Orchis; Pagonia (8eard-flower; 
Snake-mouth); Putty-root (Adam-
and-Eve,: Soldier's-plume; Three-
birds: Twayblade: Nlipporwi 11-
shoe 

Golden~lub Orantium IIqullticum 

. G insang (Sang, .""X quinquefoliull 

Yolld Crabapple Pyrus CoronllTill 

Azalea; Great Laurel (\M'tite Rhododendron spp. 
Laurel); Honeysuckle; Pinxter (Native, 
(Election-pink: Pinxter-bloom); 
Rhododendron (Rosebay); Rhodcn 

Bitterbloom (Marsh-pink; Ross-pink; 
Sabatia; Sea-pink) 

SlIbllt ill spp. 

Bloodroot (Puccoon-root; Red SlInguinllTill 
Puccoon) 

Pitcher-plant (Huntsman's~up; SlIrrllcenill purpurell 
Sidesadd le-f lower, 

V~i/d Pink Silene cBrolinillnll 

Bethroot (Birthroot; Squawroot; Trillium spp. 
Stinking Benjamin; Wake-robin'; 
Toadshade. ri Ilium 

Globe-flower (Trollius) Trollius IlIxus 

Bird's-foot Violet V iolll pedlltll 

Source: NYCIR 193.3, 1974 Enviroumenta1 
Conservation Law 9-1503 (State of New York) 
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TABLE 2-12 

ENDANGERED AND THREATENED PLANT SPECIES OF NEW YORK STATE 
ON THE LIST OF THE SMITHSONIAN INSTITUTION 

COHtl)N NAME SCIENTIFIC NAME STATUS HABITAT 

Whorled Pogonia orchid Isotria medeoloides E dry woodland . 

Reed-Bentgrass Calamagrostis perplexa E rocky woods 

Hart's Tongue Phyllitls scolopendrium E cool well holes 

Rattlesnake-Root Prenanthes boottii T mountains 

Rockrose ReUanthelpum 4nmsum T dry sands, barrens, open woods 

Ram's Head Cypridedigm arietinum T damp woods, bogs 

Small White Lady's Slipper Qypripedium candidum T calcareous meadows, prairie 

Twayblade Listera Auriculata T alluvial banks 

Orchid Platapthera leucophaea T woodlands 

Orchid Platanthera peramoena T woodlands 

Reed-Bentgrass Calamagrostis porteri T dry woodlands 

Panic-Grass Panicum aculeatum T swampy woods 

Meadow Grass Poa paludigena T bogs, swamps 

Pondweed Potamogeton hillii T wetlands, ponds 

Curly-Grass Schizaea. pusilla T low wet areas, shores 

Agalinis Agalinis ~ T sandy banks 

Micranthemum Micrant~ micranthemoides T tideflats 

Sources: Smithsonian Institution, 1975; Fernald, 1970. 
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State Department of Environmental Conservation issued a press ,release 
advising against the consumption of fisWtaien froa the Budeon' 
River. On 26 February 1976; ::tbe Department impoeed a ban on ca.er
cial fishing in certain port{~ ~f the .~4.on River and its tribu
taries and the sale of fieh ,tin'la these ·waters. 

2.85 New York State ~~"latione (6 ncaa 12~19) now prohibit 
commercial fishing in the B~oa River ~t~.frdm the Troy Dam to 
Fort Edward and downstream otthe dam to>the Battery and in ,aU tri
butary vaters along these reac-,. upstream fro. the river to the 
first falls or barriers iap .... leto fieh. The ban applies to aU 
fish, including American eel,:~, ... ep~ At~tic sturgeon greater than 4 
feet in length, goldfish and ... rican shad. Regulatione have been 
modified slightly to allow the~t4ting of bait fish. 

Aquatic Ecosystems of the Bowline Vicinity 

2.86 The aquatic eco.,stem in the vicinity of the Bowline 
Point Generating Station has been studied 'extensively over the past 
several years as part of the .nviro~ntal studies sponsored by 
Orange and Rockland Utilities. 'ntefollowi .. diacussion is drawn 
primarily from Quirk, Lawler, ad ~tusky J1974} aud ,Lawler, Matusky, 
and Skelly (1975a, 1976a, 1978) anctOr .... " and lockland (1977). 

Phytoplankton 

2.87 The seasonal pattern ofpbytaplaakton .pecies succession 
observed in the Bowline vicinity is typical of,that occurring along 
much of the rest of the Hudson Ri~.r~.etuary (Pia-re2";';18). Diatoms, 
pre~ominantl! Melosira an~ cyetoel~l" are the doainant organi .. s 
dur1ng the w1nter and spr1ng. i;;cula and Aaterieaella are also 
important from year to year. Green' and blue-pad.Alaae predOilinate 
in the summer and fall. Aaoug the blue-.teen algae, AQacystis is a 
dominant occurring every year, 'lihUe Oci1-ttt.Qri., Goapho.phaeria, and 
Gleotrichia are other dOBinant8 .~tng~irioecurrenee from year to 
year. Stichococcus and Ulothrt! are the do.inant green algae with 
consistent occurrence. The ocCUrrence of other doainant green algae 
such as Pediastrum, Scenedes.u., and EcballocY8ti, varies from year 
to year. 

2.88 Seasonal abundance of phytoplankton is characterized by 
a spring bloom in Mayor June. Usually the dominant bloom organisms 
are diatoms, but in 1975 it was the green algae Stichococcus. A 
secondary abundance peak also often occurs in the fall. Seasonal 
patterns of phytoplankton in Bowline Pond are usually similar to that 
in the Hudson River. 
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Microzoopl.nkton 

2.89 The doain.nt microzoopl.nkton in the 
vicinity are copepod., cl.docerans, and rotifers. 
other species are se.sonally important. Copepods 
most abundant species at all times of the year. 

Bowline Point 
Occasionally, 

are usually the 

2.90 Seasonal patterns of species succession are linked to 
the salinity regime in the Bowline Point area, to temperature 
ch.nges, and possibly to fluctuations in other environmental condi
tions such as nutrient levels. In the spring and early summer when 
river flow is still l~rge and the waters at Bowline Point are not 
saline, the microplankton are dominated by cycLopoid copepods, 
cladocerans, and rotifers. By late sumaer and-fall, river flow 
declines and the salinity rises to several parts per thousand. 
During this period. cladocerans and rotifers decline to low numbers 
and calanoids beca.e the dominant copepod. -freshwater species return 
in winter as river flow increases. Spring and fall peaks in 
abundance have been noted at Bowline Point. The two peaks are 
usually copepods or rotifers. 

Macrozooplankton 

2.91 Amphipods, dipterans, cladocerans, and isopods are the 
predominant macrozooplankton in the Bowline area. Amphipods, dipter
ans, and isopods are also found as part of the benthic community. 
Cladocerans are completely planktonic. 

2.92 Trends in abundance of macroplankton are s~ilar to 
those of microplankton. Spring and fall peaks of amphipods (mostly 
G .... rus and Monoculoides) occur when freshwater flow is large. 
Cladocer.ns (Daphnia and Leptodora), another freshwater species, are 
also abundant in the spring. Dipterans and isopods are less abundant 
relative to other kinds of macrozooplankton at all times, and are 
less correlated with salinity changes. 

Benthos 

2.93 Benthic communities are s~ilar throughout the Bowline 
area because of the relative homogeneity of the sediments. Molluscs, 
polychaete and oligochaete worms, dipterans, and crustaceans (pr~ar
ily harpacticoid copepods, isopods, and amphipods) are the dominant 
organisms in both numbers and biomass. Organism abundance is great
est in the spring and winter, with lesser numbers in the summer. 
Biomass is gre.test in the spring and summer and less in the fall and 
winter. Molluscs .re represented almost exclusively by the gastropod 
snail Amnicola. Oligoch.ete worms were primarily Peloscolex benedeni 
and Limnodrilus hoft.eisteri. Scolecolepides and Hlpaniola were 
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ca..on polychaete voras. A.phipod crustaceans are represented by 
Corophiua, Honoculoide., and three species of G .... ru.. Coaaon iso
pod crustaceans are eya.hura, Cbiridotea, aDd Edotea. Procladius is 
the ca..on dipte~an arthropod. Occurrence and relative do.inance of 
any particular species i. variable frOB year to year. Sa.. aea.oual 
variation in species co.position occur., pri .. rily due to iucrea.es 
in abundance of harpacticoid copepoda, isopoda, and amphipods during 
the warmer .ontha. 

Fish Bus and Larvae 

2.94 The concentration 
Bowline Point aupportinl other .tudiea iudicatina 
that major .pawoinl area. of anadromou. fishes are further up.tre .. 
and downstre... BII. of the follovina .pecie. have been collected in 

_ the Bud.OII aiYer Dear Bowline Poi t: Atlantic to.cod, vhite perch, 
striped ba •• , XlOia .IP., rODe. and the bay anchovy (Lavler, 
Matuaky, and Skelly Inli, Durina the period of February 
to July, fish elgs collected at Bowline Point vere pri.arily those of 
the bay anchovy, which .pawna in Juue and July (.ee Table 2-13). 
Horone app. (white perch and atriped bass) spawn earlier in the 
season during Hay and June and may contribute substantial numbers of 

. egga at theae times. BII concentration. in Bowline Pond are u.ually 
considerably less than in the river, SOBeti.eS 10 percent or less. 
The species ca.position of fiah egg. in Bowline Pond is siailar to 
that obaerved in the river proper (Quirk, Lawler and Matu.ky, 1974). 

2.95 Seaaonal abundance and species co.position of larvae 
vary with the .Pawninl patterns of the doainant specie. in the estu
ary. Three peak. of laryal abundance lenerally occur (.ee Figure 
2-19). The larvae of Atlantic tomcod (a vinter .pawner) appear in 
greatest nu.bers in late winter and early .prinl. Another peak of 
larval conceatration occurs ia May throulh early July coapo.ed pri
marily of .triped basa, white perch, aad specie. of Alosa (alevife, 
blueback herring, and shad). Bay anchoYy larvae beca.e numerous dur
ing aid-June to aid-Septeaber. Other specie. contribute a relatively 
aaall percentale of larvae to the total throughout the warmer .onths. 
Mean .onthly fish larvae abundance in Bowline Pond generally ranges 
between 60 percent and 10 percent of abundance at Bowline Channel 
(Lawler, Hatu.ky and Shelly Bngineera, 1976). 

'ish 

2.96 The fish co..unity of the Bowli.e Point Yicinity is 
typical of the oli.ohaline areas of the Hudson River I.tuary. 
Atlantic toacod, white perch, hOlchoker, bay anchovy, striped bass, 
alevife, and blueback herrin. are the do.inant ... bers of the com
aunity. Actual abundance and relative dominance of each species i. 
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TABLE 2-13 

FISH EGG ABUNDANCES IN THE HUDSON RIVER 
AT BOWLINE POINT DURING 1977 

FISH EGG ABUNDANCE (no./100Om3) 

TOTALa BAY ANCHOVY 

24 February 0 0 
08 March 0 0 
15 March 0.3 0 
29 March 0 0 
31 May 18 18 
02 June 2.7 2.3 
06 June 14.0 1.3 
08 June 4.3 4.3 
13 June 784.3 784.3 
16 June 3767.0 3765.0 
20 June 56.3 26.3 
23 June 24.3 24.3 
27 June 536.3 536.3 
30 June 4.0 4.0 
05 July 0 0 
12 July 7159.3 7159.3 
19 July 301.6 301.6 
26 July 1121.6 1121.6 

Averaged from 3 sampling tran8ects, at all depths and sampling times. 

Source: Lawler, Matuaky, and Skelley, 1978; Table IV-4. 
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variable from year to year depending on such factors as year class 
strength, seasonal river flow, and salinity in the Bowline area. 
Overall seasonal abundance is greatest in the river from mid~summer 
through mid-fall. Seasonal abundance of fish species in the Bowline 
area is consistent with the life cycle of each species. 

2.97 The species composition in Bowline Pond is different 
from that in the river. Blueback herring, redbreast sunfish, banded 
killifish, and white perch are the dominant species. 

Aquatic Ecosystems of the Roseton Vicinity 

2.98 The aquatic ecosystem in the vicinity of the Roseton 
Power Generating Station has been studied extensively as part of en
vironmental studies sponsored by Central Hudson Gas and Electric. 
The following discussion is drawn from Quirk, Lawler, and Matusky 
(1973) and Lawler, Matusky, and Skelly (1975b, 1976b), and Central 
Hudson Gas and Electric (1977). 

Phytoplankton 

2.99 The seasonal pattern among the phytoplankton observed at 
the Bowline point generating station of diatom dominance in the 
winter and spring shifting to green and blue-green algae in the sum
mer and fall is also the typical pattern in the vicinity of Roseton. 
Common diatoms include Coscino-discus, Cyclotella, Melosira, Aater
ionella, Navicula, and Nitzschia. Cyclotella and Melosira are the 
.oat frequent dominants with the others varying in importance from 
year to year. The dominant green algae are Eudorina, Pediastrum, 
Scenedesaus, Tetrastrum, Ulothrix, Panadorina, and Mougeotia. Fre
quently occurring blue·green algae include Oscillatoria, Chroococ
~, Aphanocapsa, Microcystis, Lyngbya, Merismopedia, and Anacystis. 
The particular dominants are variable from year to year among the 
green and blue-green algae. 

Microzooplankton 

2.100 Copepods, cladocerans, and rotifers are the dominant 
microzooplankters in the Roseton vicinity. Abundance is similar to 
that at Bowline Point but seasonal shifts in species at Bowline Point 
related to salinity are not observed at Roseton because of the pre
dominantly freshwater regiae. Copepod nauplii and rotifers are often 
the most numerous organisms during all but the dryest years. Bosmina 
is the dominant cladoceran. rotifers are Keratella, 

. nus, and Mothulca. 0 distinc re e pattern 
species composit10n is usually evident. 
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Macrozooplankton 

2.101 Amphipods (G .... ru. sp.), dipteran larvae, and Leptodora 
(a cladoceran) are the .ost abundant aacrozooplankters in the vicin
ity of the Roseton Generating Station. One or two peaks of abundance 
occur, usually in the early summer and/or fall. The microplankton 
eXhibit daily vertical .igration, being .ore evenly distributed 
throughout the water column during the night and concentrated at 
greater depths during the day. 

Benthos 

2.102 Tubificid oligochaete worma and dipteran larvae dominate 
the benthic ca.munity in the Roseton vicinity. Isopods, aaphipods, 
decapods, turbellarians, polychaetes, leeches, arachnid8, molluscs, 
and other insect groUpl are leIS co.qon. LLanodrilul hoffaeisteri is 
the dominant oligochaete. L. udekeaianus, ~. profundicola, Stylaria 
FOlsularia, Vejdovskyella inter.edia, V. Coaata, and Aulodrilus 
pluriseta are found leIS frequently. The most frequently occurring 
dipteran larvae are the chironomida Coelotanypu8 ap. and Polypedilum 
sp. Other groups, luch as biting midge8 (Ceratopognidae) and the 
phantom midge (Chaeoborus sp.) are sometime. seasonally abundant. 

2.103 Community structure and organism abundance generally has 
been sLailar at all sites sampled in the estuary near Roseton, prob
ably because of the relatively ha.ogeneou •• ediment characteristics 
of th~ area. Occalionally, abundance at one or two Itationl would be 
Itatilti ally different fro. other Itationa 0 c ear overa 
1n sealona ota aacr and lealonal species 
compolition are evident. 

Filh BIIS and Larvae 

2.104 Tvo major periods of fish larvae abundance occur in the 
Roseton vicinity (Figure 2-20). The first is in late winter and 
consists of Atlantic tomcod. During the second period, striped bass, 
white perch. and Alo.a Ip. larvae appear in greatelt numbers in late 
May, June and early July, usually peaking in June. Other Ipecies 
molt numerous in June were teasellated darter (Btheo.tome ol.stedi) 
and cyprinids (Caraaaiua auratua, Clprinus carpio, Botropia app.). 
Other species identified were rainbow smelt (Os .. rus .adax), 8unfish 
(Le~il spp.), yellow perch (Perca flavescens). killifish (Fundulua 
!PP •. and sturleon (Acipenser spp.). The bay anchovy (Anchoa 
.itchilli) ia pre.ent in low nuabera in July and August. 

2.105 Limited data on fish ell abundance and occurrence ia 
available for Roaeton. Sampling durinl 1974 shoved low numbers 
of egga in May and June. peaking in early May at an average 
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concentration of 45.7 el18 per 1000 cubic meter8 of water. Other 
8amples contained lell than five ells per 1000 cubic meterl. 

~ 

2.106 In any sinale year. 8 or 10 species ulually .ake up the 
majority of the fish coamunity in the vicinity of Roseton al measured 
by trawlinl. gillnettina. seininl. and trapping. White perch and 
blueback herring usually account for 35 percent or more of the catch. 
Other species are .ore variable in their relative abundance from year 
to year. Atlantic tOBCod is the most variable. representinl 34.5 
percent of the catch in 1972. but only 3 and 7.7 percent in 1973 and 
1974. respectively. Alawife. '-arican shad. spottail shiner. lolden 
Ihiner. other Aloe •• pecie •• brown bullhead. pu.pkia-s.ed sunfi_h. 
Itriped bass. bay anchovy. hogchoker. white catfish. ana American eel 
have all represented .ore than 1 percent of the catch in at least one 
s .. ple year. Striped bass are usually caulht in relatively low num
bers. representina 1.9 percent (1972), 4.6 percent (1973), and. 0.9 
percent (1974) of the catch over the s .. ple period. 

2.107 Total fish abundance is greatelt durinl Iprinl and sum
mer. Species and .. e ..teup of the fish community change throughout 
the year as adults .iarate up and down the estuary and al younl of 
the year grow and move in and out of the area. 
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IIUMAR RESOURCES 

2.108 rbe Hudson River estuary, as defined in the present 
study, supports a population (1975) of 11,400,000 (U.S. Department of 
Ca.merce, 1976a). The area* encompasses all or portions of three 
Standard Metropolitan Statistical Areas; namely, New York, Poughkeep
sie, and Albany-Schenectady-Troy. 

Population 

2.109 Population statistics pertaining to the Hudson River es
tuary are given in Table 2-14. As the data indicate, the counties in 
the southernmost portion of the study area (Bergen and Hudson Coun
ties in New Jersey and the City of New York) together with West
chester County account for a population of almost 10 million or 87 
percent of the population within the entire study area. Albany and 
Rensselaer Counties, with a combined population of nearly 500,000, 
account for a further 4 percent. The balance· of 9 percent of the 
population is distributed among the remaining seven counties which, 
in terms of geographical extent, make up approximately two-thirds of 
the study area. Population is not evenly distributed over these 
counties. There are notable concentrations in Rockland, Orange, and 
Dutchess Counties and low popUlations in Putnam, Columbia and Greene 
Counties. Population densities vary greatly over the study area, 
ranging from the extremely high densities of New York City (more than 
25,000 persons per square mile) and Hudson County, New Jersey (12,400 
persons per square mile), to a low of 59 persons per square mile in 
Greene County. Rockland County has a popUlation density of 1,415 
persons per square mile. 

2.110 Population has been increasing in portions of the study 
area and decreasing in others. The number of residents increased 
substantially between 1970 and 1975 in Putnam (22.4 percent) and 
Greene (15.3 percent) Counties. Ulster (9.7 percent), Orange, Rock
land and Columbia (7.0 percent) Counties experienced moderate growth 
over the same period. Growth was somewhat lower in Dutchess County 
(5.6 percent) and the popUlation in Albany and Rensselaer Counties 
remained virtually stable (0.7 percent gro~h in both counties). 
PopUlation decreased over the 1970-1975 period in New York City, 
Bergen and Hudson Counties in New Jersey and Westchester County. New 
York City and Hudson County both registered losses in excess of 4 
percent. The population of New York City, the New Jersey Counties of 

·Counties adjacent to the Hudson River from the Albany-Troy area 
south to the Battery in Manhattan. For present purposes, the City 
of New York (Bronx. Kings, New York. Queens. and Richmond Counties) 
are treated as a single entity within the study area. 
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TABLE 2-14 

POPULATION STATISTICS FOR THE REGION OF THE HUDSON RIVER ESTUARY 

POPULATION 
COUNTY SQUARE 1975 DENSITY POPULATION CHANGE 

MILES POPULATION (Persons per (Percent~ 
Square mile) 1960-1970 1970-1975 

Albany 526 288,900 549 -2.7 0.7 

Rensselaer 665 153,600 231 -0.6 0.7 

Greene 653 38,200 59 3.7 15.3 

Columbia 645 55,100 85 4.6 7.0 

Ulster 1,141 155,000 136 10.8 9.7 

Dutchess 813 234,800 299 14.8 5.6 
N Orange 833 242,500 291 11.1 9.4 I 
Q\ 
~ Putnam 231 69,400 300 65.6 22.4 

Rockland 176 249,100 1,415 52.4 8.4 

Westchester 443 877 ,000 1,980 2.5 -1.9 

Bergen, N.J. 234 871,900 3,726 6.5 -2.8 

Hudson, N.J. 47 582,800 12,400 -7.7 -4.1 

New York City 
(1) 

300 7,567,800 25,226 16.4 -4.2 

Sources: U.S. Department of Commerce, 1976a. 

(1) Bronx, Kings, New York, Queens and Richmond Counties. 
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Bergen and Hudson, and Westchester County decreased during the 1970 
to 1975 period; New York City and Hudson Counties both registered 
losses in excess of 4 percent. Population in New York State as a 
whole declined by 0.7 percent over the same period, compared to a 
108s of 0.3 percent sustained in the decade between 1960 and 1970 
(Rand McNally, 1976). 

2.111 The population in Rockland County increased from 136,803 
in 1960 to 229,903 in 1970, an overall increase of 68 percent (U.S. 
Department of Commerce, 1973). Growth moderated to an overall in
crease of 8.4 percent between 1970 and 1975, to reach 249,100 for 
1975.* Population in the Town of Haverstraw, one of five townships 
forming Rockland County. increased from 16,632 in 1960 to 23,311 in 
1970. an overall increase of 40 percent (U.S. Department of Commerce. 
1976a). The population reached an estimated** 30,260 in 1975. rep
resenting a further increase of 30 percent. 

Socioeconomic Profile 

2.112 The Hudson River estuary is area one of the nation's 
principal centers of industrial. commercial and financial activities. 
Employment in the area (1970). as indicated by the selected socio
economic statistics presented in Table 2-15. is oriented heavily 
towards the manufacturing industries. Trade (wholesale and retail) 
and government services represent the region's other major employment 
sectors. The volume of trade (retail sales) in the area is related 
to the distribution of population and is greatest in the southern and 
northern portions of the area. least in Columbia. Greene and Putnam 
Counties. Median family incomes in 1969 were lowest in Columbia and 
Greene Counties; the median income in Putnam County was considerably 
higher. due to its large suburban popUlation. 

2.113 The portion of land area devoted to farming declined in 
each of the counties in the study area between 1969 and 1974. The 
relative decrease was largest in the southern portion of the estuary, 
where the acreage in farming represented a relatively minor use of 
the land. Despite the decline. farms still (1974) occupy substantial 
portions of Columbia (37 percent). Orange (28 percent). Dutchess (27 
percent). Rensselaer (26 percent) and Albany (23 percent) Counties. 
the noted dairying and fruitgrowing region of the Hudson River. Much 
of Greene and Ulster Counties lies in the Catskill Mountains. and 
relatively small portions of these counties are suitable for farming. 

*Tbe Planning Board of Rockland County estimates the population 
figure to be 260.000; established by communication with the Board 
on 16 February 1977. 

**Estiaated by the Planning Board of Rockland County; established by 
communication with the Board on 16 February 1977. 
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TABLE 2-15 

SOCIOECONOMIC CBARACTERISTICS(l) 

TWO LABGEST SALES VOLUME(2) MEDIAN 
LAND IN FABMS(3) 

BASIC TRAINING 
COUNTY AREA (2) EMPLOYMENT SECTORS, ($l,OOO's) FAMILY PERCENT OF PERCENT CHANGE 

PERCENT EMPLOYED INCOME LAND, 1974 1969-1974 

Albany Albany/Schenectady/Troy Gov't, 29/Trade, 20 1,010,539 $11,015 23 -11 

Rense11aer Albany/Schenectady/Troy Manuf, 23/Gov't, 21 223,637 10,084 26 -10 

Greene Albany/Schenectady/Troy Manuf, 22/Gov't, 22 17,673 8,552 16 -14 

Co1UDlbia Albany/Schenectady/Troy Manuf, 26/Trade, 17 27,403 8,709 37 -12 

Ulster Poughkeepsie/Kingston Manuf, 29/Trade, 19 128,553 9,808 11 -11 

Dutchess Poughkeepsie/Kingston Manuf, 33/Gov't, 19 232,506 11,658 27 -14 
N Orange Newburgh/Middletown Manuf, 23/Gov't, 20 235,261 10,128 28 -4 I 
0\ 
0\ Putnam New York City Manuf, 20/Gov't, 17 15,468 11,995 5 -51 

Rockland New York City Manuf, 22/Gov't, 21 293,537 13,751 1 -63 

Westchester New York City Manuf, 21/Trade, 20 3,080,290 13,774 5 -15 

Bergen, N.J. New York City Manuf, 30/Trade, 22 3,983,359 13,591 2 -50 

Hudson, N.J. (4) New York City Manuf, 35/Trade, 17 1,540,304 9,695 

New York City New York City Manuf, 19/Trade, 19 59,196,380 18,609 

Sources: (1) U.S. Department of Commerce, 1973. 
(2) Rand MCNally, 1976. 
(3) U.S. Department of Commerce, 1976b. 
(4) Bronx, Kings, New York, Queens and Richmond Counties. 
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2.114 The median family income among residents of Rockland 
County in 1969 was $13,751, second only to the median income of West
chester County ($13,774) within the study area and considerably high
er than the median income of $10,609 in Hew York State as a whole 
(U.S. Department of Commerce, 1973b). In 1970, there were 60,359 oc
cupied housing units in the county, 70.4 percent of which were occu
pied by the owner (U.S. Department of Caa.erce, 1973b). The civilian 
labor force numbered 86,555 with 83,436 being employed. The break
down (percent of labor force) of eaployment by employing sector in 
1970 was: 

Manufacturing 21.8 
Wholesale and Retail Trade 19.2 
Services 6.8 
Educational Services 10.5 
Construction 6.3 
Government 20.8 
Craftsmen and Foremen 12.6 

The Bureau of the Census classified 59.7 percent of the labor force 
as white collar workers, made up of 32.4 percent professionals and 
27~3 percent sales personnel. 

Land Use 

2.115 Selected statistics on land use for the counties forming 
the study area (except the City of Hew York) are given in Table 2-16. 
The information is derived from a survey conducted in 1958 and up
dated in 1967 by the Soil Conservation Service, (U.S. Department of 
Agriculture, 1967; 1970). Although the information may be outdated, 
it is the latest available set of data that applies consistently and 
is presented here to provide an overview of the urbanization pattern 
on the Hudson River estuary. 

2.116 The data in Table 2-16 indicate that the New York coun
ties of Putnam, Rockland and Westchester are almost completely urban
ized. Bergen and Hudson Counties in Hew Jersey are heavily urban
ized, although a sizable portion of Bergen County is forested. The 
remaining counties of the study area are less urbanized, and one-half 
or more of the area in each county is primarily forested. Greene and 
Ulster Counties, in particular, are heavily wooded and unurbanized. 
Catskill Park, a state reserve, occupies major portions of these 
counties. The major Federal land holding in the study area is the 
West.Point U.S. Military Academy in Orange County. 

2.117 A land use plan has been developed for Rockland County 
(County of Rockland, 1973). The northwestern portion of the county 
is occupied largely by the Harriman State Park. Residential 
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TABLE 2-16 

LAND USE STATISTICS, EXCLUDING CITY OF NEW YORK 

URBAN AND FEDERAL PERCENT OF INVENTORY 

COUNTY 
LAND AREA, BUILTUP NON-CROPLAND INVENTORY ACREAGE(2) IN 

ACRES ACRES ACREAGE (1) 
ACRES PERCENT CROPLAND PASTURE FOREST 

Albany 339,840 36,373 11 597 302,000 26 7 55 

Rensselaer 425,600 42,577 10 2 381,500 22 6 53 

Greene 417,920 19,401 5 239 397,500 11 7 73 

Columbia 411,520 10,935 3 7 399,390 33 13 47 

Ulster 731,520 50,600 7 644 675,900 11 1 86 
N 
I Dutchess 522,240 72,330 14 599 448,000 26 10 53 
~ 

Orange 530,560 74,563 14 18,397 435,400 20 11 52 

Putnam 150,400 149,800 99+ 0 0 

Rockland 113,920 113,450 99+ 70 0 

Westchester 278,400 277 ,485 99+ 15 0 

Bergen, N.J. 149,100 119,900 80 100 28,500 14 0 81 

Hudson, N.J. 28,800 26,200 91 900 1,600 

(1) New York Conservation Needs Inventory and New Jersey Conservation Needs Inventory of 1967; 
see sources listed below. . 

(2) Includes only private, ·rura1 land. 

Sources: U.S. Department of Agriculture, 1967; 1970. 
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developments predominate in the remainder of the county, with zones 
designated for industrial and coaaercial development present in each 
of the five townships foraing the county. The Palisades Interstate 
Parkway traverses the county from north to south, and the Rew York 
State Thruway from east to west in the southern portion of the 
county. 

Historical Resources 

2.118 The Hudson River Estuary is rich in sites and landmarks 
of historic interest, legacies of the eventful developaaent of one of 
the longest settled areas in Rorth America. In addition, e.inent ex
amples of the architectural style of each of the eras in the region's 
history abound. The Rational Register of Historic Places (U.S. De
partaent of the Interior, 1977) contains an extensive list of proper
ties within the Hudson River estuary. _ Table 2-17 lists properties 
within 5 .iles of the Bowline Point and &ose£on Gineratin Statlans. 

e UDe _ 1 - 1 Y 0 t e . lne Point Gener- .. atlng Station are included in the legi.ter. _ These are the Kenry 
Garner Mansion located approximately one .ile fro. the power plant 
iite, and the Fraser-Hoyer House. also in West Haverstraw. Directly 
across Haverstraw Bay is the Van Cortlandt Manor, a Rational Historic 
Landmark. The Stony Poipt Battlefield is ~nother Rational Historic 
Landmark, located approximately 3 .iles north of the power plant 
site. 

2.119 In addition, Rew York State currently has an active his
toric preservation prograa within the Parks and Recreation Depart
.ent. The Depart.ent has on file several structures and sites that 
are potentially eligible for inclusion in the Rational Register. 
Table 2-17 lists properties in the vicinity of the Bowline Point and 
Roseton Generating Stations that have been no.inated or approved by 
New York State* but have D9t to data (1 March 1977) been included 
in the Rational Register (36CFR800) as of 1 March 1977 and beco.e 
subject to the provisions of the Rationa~ Historic Preservation Act. 

2.120 An inventory of historic resources of the Hudson River 
Valley (Hudson River Valley Commission, 1969) lists several struc
tures of architectural interest in the Town of Haverstraw and the 
Villages of Haverstraw and West Haverstraw. These are predo.inantly 
houses built in the early and .iddle 19th Century, several churches 
fro. the same period-and one instance of a two-story clapboard house 
dating fro. around 1770. 

*Inforaation on places no.inated but not in the Rational Register 
has been obtained through personal communication by Mr. Joel Klein, 
Historic Preservation Program Analyst, Rew York State Pa~ks and 
Recreation Departaent, 4 March 1977. 
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, , TABL8 2-17 

HISTORIC SITES IN TBB VICINITY or TBB BOWLINE POINT 
AND ROSBTON GBNBRATING STATIONS 

Rockland County 

Stony Point, Stony Point Battlefield, north of Stacy Point on US 2 and 202 
West Haverstraw; 1'i'~.r .. BOYer Houee,' TreailOn Rill. off US 9w 
West Haverstraw-, Henry' 9amer Mal.ion, 18 Railroad· Avenue 
Palisades Interstate Patk, west bank -of the IlUd80n River 
New City, New Haapstead Presbytilarian Church and School Bouse* 

Westchester Count)' 

Croton-on-BudsOD, Va COtt1andt -xanor US 9lC of j unction With US 9A 

Ulster County 

None 

Orge County 

Newburgh, David Crawford House, 189 MontgOliery St. 
Newburgh, Dutch Reformed Church, NB corner of Grand and 3rd Sts. 
Newburgh, Kill Bouse· (G_ell the Jew House) M111 Houae Id. 
Newburgh, MontIGDery-Grand.Liberty Streets Historic District, 

19th-20th St. 
Newburgh. WashiDaton's Headquarters (Hasbrouck House), Liberty and 

Washington Sts. 

Dutchess County 

Beacon, Madame Catharyna Brett HoEstead, 50 Van Nydeck Ave. 
Beacon, Howland Library, 477 Main St. 
Beacon, Tloronda Bridge, South Ave. 
Fishkill, Fishk11lVi11age District, along N.Y. 52 fram Cary St. to 

Hopewell St. . 
Fishkill vicinity, rishki1l Supply Depot Site 
Fishkill vicinity, VanWyck-Wharton House, south of rishkill on US 9 
Verplanck, Verplanck-Van Wyck Barn", town of Wappinaer* 
Beacon, Bustatis, NW of Beacon of N.Y. 9D* 

*Denotes sites nominated to or approved by New York State for nomination 
to, but not on, the National Register of Historic Places as of 1 March 
1977. 

,;. 
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Recreational Resources 

2.121 A broad range of recreational resources exists along the 
Hudson River and within the contiguous counties. The river provides 
opportunities for noncontact recreation such as boating, fishing, 
bird-watchi~in addition, swi.-ing in some areas. The river 
provi~es a ackdro for camping, hunting, hiking, sightseeing and 
motor1ng. 

2.122 The study area contains numerous skiing resorts, state 
parks, such as Catskill Park and the Palisades Interstate Park, and 
many other smaller recreational facilities. There are many private 
and semiprivate resorts, country clubs and other recreational facili
ties in the area. 
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CHAPTER 3 

RELATIONSHIP or THE PROJECT TO LAND USE PLANNING 

3.()1 The' Bowline Point Generatina Station occupies a 245-acre 
tract in the Town of Ba .... trn and Villaae of We.t Haver8traw, 
Rockland County, New York. * Located approxiaately 30 .iles north 
of Bew York City, the Town of Haver8traw is one of .everal 
established centers of i~stry and c~rce along the Hudson River 
between the Albany-Troy, Scheliect'ady and Bew York "1IIl!tropolitan areas. 

3.02 Haverstraw was incorporated as a villaae in 1854 with a 
mayor-council .y8 t_ ()f aOtier .. ent.. The oriainal villaae pined. 
rapidly in u-portance follovinathe introduction of 8te" naviaation 
on the Hud80n River in 1807. T~~rock quarryina bec... one of the 
major activities in 'the area. Other industrie8, which at one t~ 
thrived or are stitl active, include the .. nufacture of ceaent, brick 
and other building products, paint, hardware, textiles, and leather 
and metal novelties. 

3.03 The riverfront areas of the town of Haverstraw and the 
adjacent Town of Stony Point to the north have been traditional sites 
of clay quarrying and brick manufacturing. Deposits of coal ash and 
debris from these activities and other industrial rubble remain in 
the area. 'lbe power plant s~te, orightallt part of the Grass, Point 
Marsh formed by thedelta8 of the Cedar Pond Brook and Minisceongo 
Creek, mo8t recently had been used as a municipal landfill and for 
the unauthorized disposal ~f discarded automobile8, household 
applicances and trash (Orange and Rockland, 1971). 

3.04 preparatio~ at the site included the removal of 
garbage, vegetative clearing, pest control, filling, grading and 
drainage u.provements. Approximately 60 acres of wetlands were 
affected by the construction of the power plant and associated 
facilities. All major 8ite work and construction related to the 
Bowline Point Station and the recreational facility on site is now 
complete. The power plant is a proainent visual feature in the view 
from the river and is visible frO. many residential sections and a 
considerable length of shoreline. 

*Counties in Wew York are subdivided into legally incorporated 
towns, also referred to as townships, and cities. With one 
exception (the City of Sherrill in the Town of Vernon, Oneida 
County), towns and cities are independent civil entities. In 
addition, there are incorporated villages, each lying within one or 
more towns. Bew York comprises 930 towns, 62 cities and 533 
villages (Rand McBally, 1976). 
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IBLATIORSHIP TO LOCAL LARD USB 

3.0S RocklaDd Count)' ia its' 1.Dd use plaa d.staut.s the site 
of the Bovlia. Poiat Oea.rati.. Statioa .s • utility aoae aDd the 
.rea ~i.t.ly to the aort .... t of tb. sit. as aD iadustrial sou 
(County of IocklaDd, 1973). Adjac.nt to t ...... .,..s of hlah 
deasity (fi". or IIOre d_1U. _it. per acre) aDd.4i .. cleaity 
(two to four dwel1iaa unit. per acre> r.sid •• cial ... elo,..at aa. 
soae. of ca.aercial dev.lap.eat. Node.t~. 'omai., .. 11-
established .. i,lahorbooda, ... n r.tail·bu.ia •• es aa4 public 
buildiaas preda-iaate ia the "iciaity of the power plaat. 

3.06 ti .. 
"i1l".s.of 

~~v~.~r;s;tr~ .. ~~~~~~~~~~~~~~~~~~~~Lo~f~tbe Iowa of 
averstr_.Property v_lues ,eaer. ., ..... DOt c aed siae. 1973, 

d.spite coapl.tioa .nd operatioa of tbs power pl.at aad the .t .. aaDt 
.coaoaic cODditioas in south.ast.ra Rev York ov.r the period 
(Rot.lla, 1977). The area has experi.aced DO abDO~l,arowth or 

"decliae ia population aor disc.rnible cba ... s in urbanisation 
patteras, iDdu.trialisation or busin.ss activiti.s (Iot.lla, 1977). 

3.07 Dev.lopMnt of the site ba •• ntaUed the loe.· of SOM ope. 
space of .. rab.al r.cr.at!o.al •• lue. OIl the otherhaad, the eND.rs 
of the pl.nt hne coatributed aabstaadallyotv.rd. the .stabUs"'at 
of the Bowlin. PDint Huaicip.l Park and r.la~ .... iti... lb. 
facility prove. to be • popular local attractioa dari .. it. fir.t 
year of operation aad it i. anticipated th.t public us. of the 
facility will incre.se in calliaa y.ars (Rot.lla, 1976, 1977). 

3.08 The atatioa prov~ea .. pl.,..nt for'a pe~a.at work force 
of approxillAt.ly 100 (U.S~ '.deral Power Co.i •• ioa, ron 10. 1., 
Annual Report of Ora ... aDd lockland Utiliti •• , Inc., 31 Dec .. ber 
1976) that includes traiaed plaat op.rator., adaiai.trative p.r.o ... l 
and ... intenance staff. Ba.,tloye.," ca..t. to the .it. froa avid. 
area. The plaat op.rat •• 24bour. 'a d.y ia three nil'. ,M. 'saripl--
shift changes, auto.obile tr.ffic to aad froa the plaat iacr •••• s but . 
causes no appreciable co .. estioa on local ro.d. (Iot.lla, 1976, 
1977). 

3.09 Subsequeat to the baprov ... ats in acces. to the sit ... de 
during the constructioa ph ••• of the proj.ct, DO aeed to -Plrad. 
local highways or railroads has b.ca.e avid.at. ru.l oil is 
delivered to the site by bar •• or taaker. Th. added river traffic is 
readily accommodated and pose. no uadue ha.ard to .at.rhorae c .... rce 
or pleasure boatiug. Occasional deliveri.s of equi,...t aDd 
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materials to the power plant constitute a minor added deaand on 
railroad and highway transportation systems serving the area. 

3.io The land use plan of the County of Rockland shows that 
part of the waterfront in the Town of Haverstraw remains dedicated to 
industrial development (County of Rockland, 1973). Iaprovements at 
the Bowline Point site have generally upgraded the industrial 
potential of the ar.a through enhanced drain.,e and access to the 
site and the termination of trash disposal. These improvements, 
together with a strengthening of the municipal tax base, might 
constitute an attraction to future industrial ventures in the area. 

3.11 The station's visibility and visual dominance evidently 
have not affected losal and M'e to a di'cernjbJe dearee. The extent 

-eo which these factors .iaht influence future development or 
redevelopment in the area is difficult to gauge, particularly if 
massive natural draft cooling towers are installed. The presence of 
the power plant is certain to contribute heavily to the industrial, 
character of its surroundings and may inhibit certain types of 
residential, commercial or recreational developments. 

3.12 Operation of the BOWline point r.nerat;ng Station is 
unlikely to influence future )and lI.e plapning or developnent a. a 
result of the pipt's cOllsumption of vater, discbar.e of airborne 
emissions and liquid effluept', .eDeratipn pf ,olid vaates, and 
interaction with the aquatic ecosystem of the Hudson River. 

RELATIONSHIP TO LAND USE eN THE HUDSON RIVER ESTUARY 

3.13 For several years electrical generating facilities have 
provided a focus for concerns over the effects of urbanization and 
development on the natural, recreational and cultural resources of 
the Hudson River estuary. Attention has been directed particularly 
to projects in the early stages of planning that ultimately could be 
sited on the Hudson River. Considerable public opinion has favored 
the adoption of land use planning and controls as means of averting 
or min~izing potential problems. 

3.14 Accoaplishaents along these lines constitute ~portant 
elements of a cOBprehensive land use strategy. Legislative 
initiatives in New York have led to its being one of the nation's 
strongest authorities over matters of land use (U.S. Council on 
Environmental Quality, 1976)." Laws provide, among other things, for 
the protection of wetlands, designation of environmentally fragile 
and historically significant areas, and participation by the State in 
management progr ... authorized by the Coastal Zone Management Act of 
1972. In addition, the laws impose several requirements on the 
Stat~ls electrical utility companies, including requirements to 
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di.clo.e lona-t.~ aen.ration and tran .. i •• ion plan. and to id.ntify 
.ite. held for future expanlion. 

3.15 Iotwith.tandiDi the .tatutory po .. r of the State, .uch of 
the authority to foraulate polici •• OD arovth' and to reaulate 
d.velopment r ... ins ve.t.d in loeal lovera.ent. Althbuab land u.e 
plan. have been dev.loped for all of the countiel on the Budson·River 
e.tuary, .. ny with the aia of fund. -.de available by the State of 
Rew York or throuah the Ca.prehensive PlanniDi A..i.tance Progr .. 
authorized by Section.701 of the F.deral Hou.ing'Act of 1954, 
evidence of coordination at a regional l.vel i.fr .... bt.d. In the 
ca.e of counties on the lower e.tuary--Hudaon and laraen Counties in 
Rew Jer.ey; the borouahl of W.w Yort City; aad Roc.land, weatche.ter, 
Pu tIlan, Oraana., Dutch .... aDd UlItar...CmaIltiu. .. iD ...... IQIk~ ... tJ\., .l~nd 
use plan. of individual couDti.a have b.eD intearat.d by the 
Tri-State Regional 'lanaiDa Co.aiaaion into coapreheDaive auid.li ... · 
for reaioDaI dnelopilent. btabUsh.d initially as the Tri-State 
Regional Planninl Commi •• ion b, aar ... ent .-ona the lovernor. of Rev 
,York, Rew Jeraey and Connecticut, the interatate a.ency nov 
coordinate. the aoal. and plana of 22 counties or boroulhl in Bev 
York and Rew Jersey and .ix planning relions in aouthwe.t Connecticut 
under provisionl of leat.lation in .. U thue ... tatea. Throw&h effort. 
to develop toole for cro .... acceptance. ofr ... i~nal aiMsubnaional 
land use plantl, the Coa.i •• ioB-,-h ... I-UCce •• fuUy f01'll1ll&tn. .1l4 
ensured a degree of c.oaa.iltea.ey in the rea·ional devalGpll8ntauide 
covering the greater Rev York metropolitan area. 

3.16 Growth in counties of the .id-Budson reaion (Orange, 
Putnam, Dutche •• , Ulster, Sullivan, Greene and Coluabia Counties> hal 
been the subject of exten.iVe study by Mid-HUdson Pattern, Inc., an 
independent nonprofit organiaation enaaaed in coaaunity plannina, 
research and development. Eltabli.hed in 1965, it. b.sic function is 
to provide governaent and private enterprise with technical, research 
and planning assiltance to promote informed aecilion. on i •• ue. 
concerning the future development of the .id-Hud.on. Generally 
broader in geographical scope, the Relional Plan Aslociation il a 
second civic organization which, since ita firat charter aa a . 
committee of the Ru •• ell Saae Foundation in 1922, hal concentrated 
its efforts on developing regional approaches to probl ... facina the 
greater New York City area. Other in.tanc.. of coordinated planniDi 
to satisfy the varied need. of this populous region have beeD 
isolated and aimed primarily at .p.cific tarlet. such a. vaste vater 
treatment, transportation Iy.tem., or upgrading of recreational 
facilitie •• 

3.17 Recognition of the value of a coordinated planning, 
comprehensive in scope both with reapect to aeographical extent and 
diversity of human need, if reflected in the e.tablishment of the 
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Hudson River Valley Coaailaionby Bew York Statelxecutive Law, 
Section 721. In the ea21y 1960s the Comailsioa .aa granted authority 
to review proposed project. within one mile of the Hudlon River 
shore, or within two ail •• ·,if vilible frOil tile river, to 'detendne 
whether such project. woul.4eltroy or substantially ~pair 
significant hiltoric or-recreational re80urcel or caU8e .ajor changes 
in the appearance or use ·of .ater. 

3.18 While in the early atages of construction, the Bowline 
Point Generating Station .. a aubject to the C~aaion'8 review. The 
Commission expre ••• d ~e.ervations regarding the vi.ibility of the 
station and the architectural merit of the plant's structures and 
expressed uncertainty, in view of the paucity of data then available, 
regarding the plant's bDpact on the aquatic ec08ystea of the Hudson 
River. Bonetheless, followina a public hearing held in the Town of 
Haverstraw on 3 re~ru.ry 1970 and consideration of the co.ts and 
benefits associat.d with ehe project, the Coaai8sion concluded that 
the benefits outweiahed the costs, and accordintly, that the project 
would not exert an unrea8Qaably adverse effect on the scenic, natural 
and recreational resources of the Hudson Rivet Valley. 

3.19 The functions of the Hudson River Valley C~ssion have 
been transferred to the Bew York State DepartDent of Bnvironmental 
Conservation but without allocations for personnel or an operating 
budget. Several re'pGnsibilities mandated in the Caa.d88ion's 
original charter, particularly those concerning planning of water and 
related land re.ources, are now within the purview of the Coastal 
Zone Manageaent Proal''' administered by the Division of Planning, Bew 
York Department of State. On the basis of procedures and criteria 
developed in the fir8t year of the program study, the entire Hudson 
River estuary falls within the initial delineation of the Coastal 
Zone. The State has applied for (19 March 1976) and received a grant 
covering the second year of a 4-year planning period under the terms 
of Section 306 of the Coa.tal Zone Manaleaent Act of 1972. The 
Coastal Manageaent Office intends to expand and refine the results of 
the first year program and to perform additional required work. 

3.20 Much of the second year grant will be suballocated to 
local governments to support their coastal zone aanageaent planning 
interests. Where matters of statewide, regional or iateraunicipal 
concerns are noted, the State's Coastal Zone Manageaent Program will 
identify the specific means for resolving differences, where these 
exist. Public participation will be significantly increased during 
the second year. In addition to the Bew York Department of State, 
participants in the progr .. will include local govera.ents, regional 
planning boards, the Rew York Department of Bnvironmental 
Conservation and the Rew York Sea Grant Institute. Pr~ary 
objectives will include giving clear, accurate infor.ation on the 
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nature and scope. of jt;~e Go.~tal Zon. Manaa.ent Proar. to' the 
public, expandina.~ r .. ~ini~ .. tho~s to ob.ain adequate levels of 
input from various p.~ic!~ ,private .ourc •• , andeatabli.hing a 
workable pat4,fZ:PIl.priV". i~~.r •• t' '1a~ouah local·aadrelional 
alencies to a s~a~ ... ide· ...... _e.t .,.oar_.'l'he Oo.ital Zone 
Manale~n~ Prqlr .. ·~hu'Ptov'des,.n opportunity for State. local 
loYernaents and 'the public to work collaboratively in proaoting,a 
wise and effective use of coastal zone resources. A man ..... nt plan 
is due to be t.!lle ••• d to tl)",,,blic and sub.itted to the Fecleral 
Coastal Zone ~al ... nt Pffl£e for approval in tbe fall of 1977. It 
is expected.,t~at t~. plan will includ. auideline. and criteria 
related to th.:,.it~P-I of fut~re eneray facilities alo ... the Hudson 
River.' . 

'. :' 

3.21 . A .• e~ond ca.preh,p'ive pr9il'. is currently undeway to 
evaluate th~ vat'l; r~.qurc:e •. ::of ~I\' ,n~ir. Hud.on 'iver "sin. The 
2-year Level B.~ucly sponlOf!lClby the Water ~.our~e. COUI)cil vill 
draw on tlle input O(,{.ever,l. 'ed.ral,.,Stat. and lOCal lovernaental 
aaenci~a to ... e.a theadaquac;y.of aVaU __ le·reaourcea in aeetina 
'anticipated needs an~.to .ddces'·PQ~tn~ial probl ... resultina from 
conflictina water and related land u.es. As aajor consu.era and 
users o( watar. exiatinl .... futur. p,""r plants alonl the Bud.on 
River will cou.titute one, of tile etucly'. points of scrutiny. 

~ • r' ~ 

3.22 TbrOQlh" •. caapr ...... 'iv ......... at of the needs of 
cODlDUniti.s qo lheo·a.48o .. , Ri".r . eltuary and the carryina capacity of 
its varied. r .. 'o~rc~.tth' •• oPloing studies undoubtedly will ahed 
light on the ,cOIIple •. h.uu, that surrou". the sitina of pover plants. 
Until relio~i.e davelqpaeat option. anel recoaaendations are 
formulated, however, an underetaadiq of the of the relationship 
between power leneratina facilities and lend use on the e.tuary can 
be only rudimentary. ' 

, . 
3.23 The Bowline Poift~ Gan.rat' .. Sta~· -i., not unique 

inasmuch as it confo~. to the traditioaal roa tice of locating a 
power plant is proxUai~,.to the load eeaterl a.rve.,on a site 
with adequate water resources to supply the plant's cooling 
requirements aDd ca,abl. of acco.modating .adelt expansioa. 
Alternative trends ia_.i~ing a~e .. erlina. Amona these are the 
concept of cluateriq:' facUities . in power parka aacl. a Broving 
tendency to locate "".r,.,tacilities in lOwer parka and a Iroviq 
tendency to locatepowar"pl.ntain remqte, .parsely popul.ted areas 
and tran~portina e.!rIY Qver increasingly long dist.nc.I. Such 
strategies lita}' or MY not ,prove beneficial in teras of land use on 
the Hudson River es~~ry. Clearly, the Bowli.e ,oint and Roseton 
Generating Station. '~therestabliah nor reilaforce siailar 
departures from the convent~ona~approach to power plant sitinl. 
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C1lAPtER 4 

DV't'ltJtlMiITAL MAClSOP tilt' PRtUlC'f 

4.01 The potential environ-ntal 'hip.cta as.ociAted with the 
Bowline Point Generat't6g Station and the cumulatbe impacts resulting 
from the operation of allot the existing generating facilities on 
the Budson River eet11atj ate presented in this section. Impacts on 
the physical, biolo,ic.l 'and human resources of the study area are 
analyzed in terlls dftKe' tredaminantly locali,zed effects attributable 
to the ope,ration of die Bo"line Point and lto'jeton generating stations 
and the aggregated en'ect's of present and future developments. Where 
appropriate. the analy":i's encompasses impactS that are reaional in 
character and may be experienced beyond the limits of the study area. 

4.02 All of the ge~eratin8 stations on the Hudson River pre
sently operate with' onc~-throuih condenser cooling systems. Require
ments to install' Cl08'ed-'cycle cooling at the Bowline Point, Roseton 
and Indian Point (Ueits2 ud 3) have been imposed by the U.S. En- ~ 
vironmental Proteetioil A;lncy. 'These requirements, in. all instances. 
are being contested and are the subject of presently on-going adjudi
catory heariag' before the~ency (Appendix B). 

IMPACTS OR PHYSICAL RESOUttCES 

4.03 The operation of the Bowline Point Generating Station and 
other steam electric facilities on the Budson Ri.erestuary repre
sents a potential 80urce of impact on the physical resources of the 
study area. Concern centers principally on the reje'cdon of waste 
heat to the river aad the 'release of cont81llinatlta in airborne emis
sions and waterborne effluents. Potential 'effects on'the physical 
enviroMent include 't;lle alteration of the teaperature and flow regime 
of the Budson Rivereltuary and the deterioration of ambient air and 
water quality. Deliver)tof fuel oil to the fossil fueled plant 
involves a ria,k o~ .. .lor spills and poses a further threat to the 
water resource. 

Thermal Regime of the Hudson River Estuary 

4.04 The characteristics of the thermal discharges from the 
Bowline Point Generating Station and the Roseton-Danskammer stations, 
as well as the combined thermal discharges from'all of the existing 
and proposed power plants on the tludson River estuary, have been 
s tudied ex~ens ive~y through mathematical mode lins and computer s imu
lations (Appendix'!). 'The principal objective of the analysis is to 
deteDDine under which conditions applicable water quality standards 
relating to thermal discharges could be exceeded. 
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New York State Criteria Go.verni. Thermal Discharges 

4. OS New York criteria governi. themal ~8Charaes (6NYCRR704) 
to estuaries or portions of estuaries provide that: 

(1) 'l1le water t_perature. at the surface of an estuary shall 
-not be raised to .ore than 90 1 at any point. 

(2) At le.st SO percent of the cross sectional area aDd/or 
volu. of the flow of the estuary. ~nclud11l1 a .inilllUlll of 
one-tbird of the surface as _~ured fra. water's edge to 
water's edae at any stasa of tide. shall not be raised to 
.,re th4n 41 over the taperature that existed before the 
addition of heat of artificial origin or a maxtmUa of 
83 F. whichever is less. 

(3) From July throuah Sept .. ber. if the water t..,arature at 
tbe surface of an estuary before t~ addition of heat of 
artificial orilin is more than 83 1. an increase in ta.
Perature not to exceed 1.5 F at any point of the estuarine 
passageway ~s '4elineated above, .. y be peraitted. 

(4) At least SO percent of the cro~s-sectional area aDd/or 
volume of the flow of the estuary includina a 1Iiniaua of 
one-third of the surface as .. asurad fro. ~er's ed .. to 
water's adae at any staae of tide. shall not be lowered 
.ore than 4 r frOll the teaperature that sisted illEdi
ately prior to such lowering. 

4.06 Consideration of the provision that surface taperatures 
not exceed 90 F nece,sitates a detailed analysis of the behavior of 
the thermal plwaes in·th.-iaaediate vicinity of the Bowline Poiilt and 
Roseton discharge diff~seia. Analytical techn~ues are available to 
determine the levels of .dilution in the near-fif1d zones and the 
reduction in temperature of thedischarae through .ixing with the 
receiving waters before it reaches the surface of the estuary. 'l1le 
results of the analysis are generally quoted in teraS of di1ution 

iven a u on rat 0. the ur t ra e 
of a discharge can be cogpyted if the t..,.rat~re of t 

water at the power plant intake. the aabient t-.perature at the 
discharge. and the rise in temperature a~ross the condenser are 
known. 

4.07 Near-i.1eld analyses cannot take into account such lonaer 
range phenomena as the recirculation of cooling water fro. a plant's 
discharge to its intake or the cumulative thermal interactions of 
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power plants on a c~mon body of water. A study of these effects 
requires the application of far-field techniques. One-dimensional 
techniques generally yield a broad ovet4iew',and indicate where a more 
detailed investigation might be warranted. A two-dimensional or 
near-field-far-field analysi~ then is needed to study the spatial 
variation of temperature or any other relevant parameter in suffi-
c ien t detail. 

The Hudson River Estuary 

4.08 Hydraulic and thermal analyses of the Hudson River estu
ary are rendered complex by the reversals in flow due to tidal 
action. Under conditions of reversing flow, the phenomena of reen
trainment (the ambient water diluting a discharge is at an elevated 
temperature as a r'esult of receiving the discharge or a separate 
thermal discharge at an earlier tidal phase) recirculation through a 
power plant and alternating multiplant interactions become important 
considerations. The locations of the thermal plumes change continu
ously in large portions of the river and quasi steady-state thermal 
conditions may be attained only after numerous flow-reversal periods. 
Field surveys ere difficult to conduct under these conditions since 
an accurate representation of temperature over a substantial portion 
of the river would require deployment of a large number of boats, 
personnel, and equipment. 

4.09 Further, a determination of whether a particular thermal 
discharge causes certain regulatory criteria to be exceeded is ren
dered difficult by the presence and possible influence of other dis
charges to the river. The New York State Criteria refer both 
explicity and implicity to conditions that prevail or would prevail 
in the absence of a thermal load of artificial origin. Without 
revers'ing flows, natural temperatures are generally a fair represen
tation of the undisturbed conditions in the river. If the flow 
reverses periodically, on the other hand, natural temperatures can be 
determined only by field measurements taken at "reasonable distances" 
eith~r upstream or downstream of the plant. the situation on the 
Hudson River is such that the zo thermal influence about exist-
1n wer p an s over ap Makin ossible to ascerta1n throu 
measuremen s a one t e degree to natural conditions are altered 
by each 1ndividual plant. 

Lo~al Thermal Analysis at the Bowline Point and Roseton 
Generating Stations 

4.10 The local dilution characteristics of the thermal dis
charge from the Bowline Point station <near-field analysis) have been 
~xamined ~n the basis of numerical simulations and available field 
data (A.pendix E). The analyses show that (surface) dilution ratios 
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for the Bowline Point diffuser vary from approximately 2to a maximum 
of 6 (Appendix E). Values in the low end of the range apply when 
flow in the river is predominantly parallel t& the diffuser, that is, 
under conditions close to flood tide. The higher values apply at or 
near ebb tide and high slack water. Since the temperature rise 
across the power plant condenser is nominally 15 F, an excess tem~r
ature of 7.5 F at, the surface near the diffuser could be experienced 
under worst case conditions. 

4.11 Dilution ratios for the Roseton diffuser are estimated to 
range from 3 to 6 (Appendix E). Thus, with a temperature fise of 18 
F across the condensers of the Roseton station, the maximum excess 
surface temperature in its vicinity would be 6 F. The near-field 
analysis also indicates that the thermal plume from the Danskammer 
Generating Station at plant loads below 60 percent of rated capacity 
does not penetrate th~ Roseton discharge area. With the Danskammer 
plant operating above this power level, the thermal plumes overlap, 
and predictions :of the maximum surface temperatures that result 
cannot be made by means of near-field simulations. 

Analysis of Cumulative Impacts of all Generating Stations 

4.12 The overall thermal effect of power plant operations on 
the entire Hudson River estuary (far-field analysis) has 'been 
assessed through the application of a tidal-transient computer simu
lation model. All the important natural and power plant induced 
effects that can influence the thermal conditions in the estuary are 
considered in the model and its associated computer code ESTONE. The 
model is one of the general one-dimensional "Unified Transport 
Approach" models beii! developed specifically to assess the thermal, 
chemical, radiotoglC~, and biological impacts that operating power 
plants exert on the aquatic ecology of large receiving water bodies. 
Details ter model are iven in th aft EIS A ndix E and 
in Appendix E of th s report. 

4.13 The far-field analysis of the Hudson River estuary focuses 
on the 6-month portion of the year from 1 April through 30 September. 
This period is considered the most critical with respect to the life 
cycle of the striped bass and certain other fisRes of the Hudson 
River. Further, the highest natural temperatures in the estuary 
prevail within this period and the possibility is greatest that the 

~ 
I ~thermal discharges from the power plants would give rise to tempera
~ tures in excess of regulatory criteria. Data collected in 1973 and 

~ 
1974 un~erlie the analysis. Informatiqo relatina to the pbyiicaJ r 

~A. conditions of the river (tteshw idal conditions atmos-
~~? pheric con tons an so on is used both to validate the model and 
~-- to assess the thermal effects due to ower • Operational 

n ormation on t e power plants is used to predict temperature 
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distribations in the estuary on the basis of physical conditions pre
vailing in 1964 (a drousht year) and 1974 (a year of more typical 
flow). 

4.14 For aodeling purposes, the Hudson River estuary from the 
Federal dam at Troy to the Battery (152 miles) is divided in 76 
discrete elements, each 2 miles in length. Numerical solutions of 
the equations incorporated in ESTONE are derived in time steps of 
0.0625 hours. The computed results are stored at every 16-time step 
inte~val, providing a temperal resolution of I-hour over the 6-month 
simulation period. Daily-average conditions are derived from hourly 
values. Computational details of the model are given in the Draft 
EIS, Appendix E, Section 3.4.2, and in Appendix E of this Final EIS. 

4.15 Results of the Far-Field Analysis for 1974 Conditions. 
Several cases are considered in the analysis to evaluate the thermal 
effects associated with each power plant and their cumulative effects 
on the estuary (See Draft EIS. Appendix E, Section 3.4.5.2). These 
cases are: 

• Case 1 - "Clean River." This case establishes the conditions 
that would have prevailed in 1974 if no artificial heat load 
had been imposed on the river by any power plants. The 
results provide a baseline or point of reference to compare 
the results of the. analysis to regulatory criteria that 
relate to natural conditions. 

• Case 2 - 1974 Conditions. Data collected in 1974 are used to 
simulate the effects of power plant operating during that 
year. 

Case 3 - Proposed Kaxiaum Thermal Load Conditions. 
of all 

• 

Case 5 - Clean River with Only Roseton and Danskammer Power 
Plants. This simulation yields an estimate of the contribu
tion of the R08eton and Danskammer stations to the thermal 
loading of the river. 

4-5 

'-,. 



, 
• Case 6 - Clean River wit~ Oply the Bowl~ne Point power. 

Plant. This siaQlation'yields an estimate of the 
contribution of the Bowline Point Generating Station to the 
thermal loadina on the river. 

• Ca.. 7 - ProP04le4 ~~ Tbe~l Load (.... in Caee lJ Except 
Bowline Point Station Point wi tb Cloeed-Cycle Coolina. A 
comparison with the results of Case 3 provides an estimate 
of the reduction i~' the thermal loading of the estuary that 
wou~d result fro. the installation of closed-cycle cooling 
at the Bowline Point station only. 

• 

• Case 8 - Proposed MaximWl Thermal Load (a8 in Case 3) Except 
Indian Point Power Plant with Closed-cycle Cooling. A 
coapariaon with the re,u~ts of Case 3 provides an estimate 
of the reduction in the tberaal loadini of the estuary that 
would result from the installation of closed-cycle cooling 
at the Indian Point station only. 

4.16 The re8ult8 of the simulations show that water tempera
ture. in exces8 of the reaulatory criteri9n of 83 F could occur 
under physical conCii.tions simla,r totbose -prevailing in 1974 (see 
Table 3.4 .• 13 in Appendix E of the Draft EX.). hedlct td usc"es 
occur in the 2-.1le ..... nt of the rive in the viciD1t of Indian 
Po nt a are's t' Maximum temperatures 
of 83.80, and 83.42 F are pr~d1cted in Cases 3, 4 and 7, 
respectively. The last of these indicate that the 83 F criterion 
would be exceeded under proposed maximum thermal load conditions, 
regardless of wbether or not a closed-cycle cooling system is 
installed at the Bowline Point station. The maximum temperature t~t 
would occur in the critical 2-.1le segment without an artificial heat 
load (clean river conditions) is predicted to be 80.49 F. The 
contribution from the Bowline Point and the Roseton-Danskammer 
stations would-raise th1smax1ilum by -o.-4 ..... d 0.3 F, respectively. 

.......... ...', ~ 

4.-17 . More specifically, the results of the simulations, based 
on the physical conditions prevailing in the estuary in 1974 snd~,.~. 
daily-averaged, cross 8ection-averaged and (2-mile) segment-averaged 
t~peratures, are: 

(1) 

(2) 

Under proposed maximum thermal loading of the river (Case 
3, all ex1atina power plants with open-eycle cooling, 
Greene County plant with cloled-cycle cooling), the regu ... '" 
latory criterion li.tting temperature increases to 4 F v 

above natural conditions would not be exceeded. 

Under full once-through cooling load (Case 4) the same 4F • . 

...... 

regulatory criterion would not be exceeded. . .... ~.,". ,: .; 
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(3) Under Case 3 conditions, the regulatory criterion limiting 
the maximum temperature. over 50 percent of the 
cross-sectional area of the river to 83 F would be 
exceeded. 

(4) Under Case 4 conditions, the same 83 F regulatory criter
ion would be exceeded. 

(5) Conditions prevailing under Case 3 would not be alleviated 
by the installation of closed-cycle at the Bowline Point 
station alone to the point where the same 83 F regulatory 
criterion would be met. 

(6) Conditions prevailing under Case 3 would be alleviated by 
the installation of closed-cycle cooling at Indian Point 
stations alone to the pOint where the same 83 F regulatory 
criterion would be met. 

(7) Operation of the Greene County nuclear station with once
through cooling instead of the proposed closed-cycle 
cooling would not appreciably raise the temperature in the 
critical 2-mile segment of the river between Bowline Point 
and Indian River. 

4.18 In summary, the far-field analysis for 1974 conditions 
indicates that the thermal conditions in the Hudson River estuary, 
with the existing configuration of power plants and the configuration 
expected in the near future and under typical physical conditions of 
the river at the warmest times of the year are very close to the 
limitations stipulated by New York State thermal criteria. 

4.19 Near-Field-Far-Field Analysis of 1974 Conditions. On the 
basis of findingJ of the far-field thermal analysis, a 10-mile sec
tion of the Hudson River along which the Indian Point, Lovett and 
Bowline Point stations are located, has been selected for detailed 
analysis (Draft EIS, Appendix E, Section 3.5). A systematic zone
mat~hing methodology is applied to study the two-dimensional (with 
results integrated over depth) temperature distributions in the 
vicinity of the Bowline Point, Indian Point and Lovett stations. The 
analysis relates to Case 3; namely, operation of all existing power 
plants at full rated capacity and with once-through coolin t e 

roposed Greene County nt with closed-cycle cooli 

4.20 The results of the near-field-far-field analysis in the 
vicinity of the Bowline Point station indicate that certain New York 
State regulatory criteria would be exceeded occasionally. SpecifiC 
findings based on the river conditions of 4 August 1974 (Draft EIS, 
Appendix E, Section 6.1.3) are: 
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• Critical thermal conditions in the Hudson River in the vicinity 
of the Bowline Point ,tat ion will occur generally during the 
afternoon and evening hours, between 13:QO and 22:00 hours, on 
various days in July aud August. OperatIon of the station gives 
rise to temperatures in the ri.ver in excess of regulatory 
standards by virtue of (a) the occurrence of surface 
temperatures in excess of 91 F (90 F limit), (b) the occurrence 
of temperatures of 84 F (83 F limit) over one-third of the 
surface as measured from water's edge, and (c) the occurrence of 
temperatures of 84 F (83 F limit) over 50 percent of the 
cross-aectional area or volume of the flow'of the estuary. 

4.21 Results applicable to the thermal distribution in the 
Hudson River in the Vicinity of the Indian Point station, again based 
on natural conditions prevailing on 4 August 1974, are: 

Critical thermal conditions will occur generally during the 
afternoon and evening hours between 1300 and 2200 hours on 
various days in July and August. Operation of the Indian Point 
station with once-through cooling will give rise to temperatures 
in excess of regulatory standards by virture of (a) the 
occurrence of surface temperatures of 84 F (83 F limit) at the 
surface of the river from water's edge to water's edge (limit of 
one-third of the surface) and (b) the occurrence of temperatures 
of 84 F (83 F limit) over 100 percent of the cross-sectional 
area or volume of flow (50 percent limit). 

4.22 Results of the Far-Field Analysis for 1964 Conditions. In 
response to comments received on the Draft EIS, a far-field computer 
analysis bas been carried out for the low-flow drought conditions of 
1964 reene County power plant as een can-

the publication of the Draft EIS, this power p~l=an~~ __ 
removed from the model ns for the 1964 conditions. C Results of the 

are g ven in Appendix E. 

Three cases have been considered: 

• Case 1 - "Clean River. 00 This case establishes the condi
tions that would have prevailed in 1964 if no artificial heat 
load had been imposed on the river by the operation of any 
power plants. The results provide a baseline or point of 
reference to compare the results of the'analysis to 
regulatory criteria. 

• Case 2 - Rated Load. Operation of all existing power plants 
at 90 percent of rated capacity with once-through cooling. 
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• Case 3 - Projected Load. Operation of the Bowline Point, 
Indian Point, Lovett, Danskammer, and Roseton stations atl 
power ,levels projected to be typical averages in the future 
(projected power levels supplied by the Utilities). The 
power level for Indian Point, Albany Steam Station and 59th 
Street Power Plant were set at 90 percent of rated capacity. 
All power plants were simulated with once-through cooling. 

4.23 The computer simulation results for the longitudinal 
distributions of water temperature conditions along the estuary for 
the projected load and rated load cases were compared with the "clean 
river" case to determine the far-field thermal impact of multi-power
plant operation on the Hudson River during the six-month period 
1 April - 30 September 1964. Since the computer simulations were 
begun on 1 April 1964, the month of April was not included in the 
considerations of the far-field thermal analysis because quasi-steady 
state thermal conditions were not reached during one month. There
fore, the computer simulation results for the longitudinal distribu
tions of water temperature conditions along the estuary were 
considered for the period 15 June - 30 September 1964. 

4.24 Simulation results were calculated for: 

• daily-averaged, cross-section-averaged water temperature 

• daily-maximum, cross-section-averaged water temperature 

• daily-averaged surface water temperature 

• daily-maximum surface water temperature 

The results were presented graphically as 

• longitudinal distributions of water temperature conditions 
along the estuary on midmonth and endmonth days during 15 
June - 30 September 1964. 

• daily variations of the local water temperature conditions 
at Indian Point (model element 55) and Bowline Point (model 
element 58) during the six-month period. 

4.25 Examination of the computer simulation of longitudinal 
temperature distribution along the Hudson River indicates that the 
gre~test effect of power plant operations under 1964 river flow 
conditions occurs in the portion of the river between Bowline Point 
and Indian Point, which is effected by the discharge from those 
plants as well as the Lovett station. Simulation results also 
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indicate that New York State standards governing thermal discharges 
would4be violated in this reach of the river by operation of the 
power plants with once-through cooling under 1964 river flow 
conditions. 

4.26 With respect to the temperature standard specifying a 
maximum water temperature increase. of 4F When the natural river 
temperature is less than 83F, violations occurred only under the 
Rated Load case near Indian Point for three to eight day periods 
during June and September. Violations were slight, however, with 
4.4F being the greatest temperature increase occurring. Violations 
of this magnitude would be within the error limits of the model. No 
violations occurred under the Projected Load case. 

4.27 Violations of the criterion restricting the maximum water 
temperature increase to 83F occurred for estimated periods of 9 to 40 
days during June, July, and August near Indian Point and Bowline 
Point. Violations occurred under both the Projected Load and Rated 
Load cases. 

4.28 Violations of the criterion limiting maximum water 
temperature increases to 1.5F when natural river temperatures are 
greater than 83F occurred near Indian Point and Bowline Point under 
both the Projected and Rated Load cases. Violations for estimated 
periods of 10 to 30 days occurred near Indian Point during June, 
July, and August. A Violation occurred during an estimated 10 day 
period in late July and early August near Bowline Point. 

Summary Conclusions of Thermal Analysis 

4.29 The following general conclusions may be drawn from the 
overall thermohydraulic analysis of the Hudson River Estuary: 

(1) During years of normal river flow, water temperatures in 
the river will occasionally and under certain natural 
conditions exceed applicable New York State standards as a 
result of the operation of all existing plants at full 
power and with open-cycle cooling. 

(2) During drought years, water temperatures in the river will 
exceed New York State standards as a result of the opera
tion of all exi8ting plants with open-cycle cooling and 
at average power level le8s than full rated power. 

(3) Maximum temperatures will occur in the Vicinity of the 
Bowline Point, Lovett and Indian Point stations. 
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(4) Use of cooling towers at Indian Point would have the 
greatest effect on reducing water temperatures in the 
region of the river between Bowl1ne Point and Indian Point. 

(5) Excesses in temperature over regulatory criteria are not 
inordinate under normal flow conditions, but increase with 
decreasing flow "of fresh water in the river as would occur 
during drought years. 

Flow Regime of the Hudson River Estuary 

4.30 Although the direct consumption of water at the Bowline 
Point Generating Station and at other generating stations on the 
Hudson River estuary is small, the heat load imposed on the river by 
the operating power plants promotes evaporation at a rate greater 
than would naturally prevail and effectively results in a consumptive 
use of the water resource. The rate at which additional losses of 
water are incurred is determined by a large number of factors, 
including the characteristics of the thermal plume and prevailing 
meteorological conditions. The U.S. Environmental Protection Agency 
estimates that, as a general rule, the rate of evaporation of water 
associated with a once-through cooling system is 1/2 to 2/3 the rate 
of evaporation from a mechanical draft evaporative cooling system in 
comparable service (39 FR 36193, 8 October 1974). Assuming further 
that 75 percent of the heat rejection from a mechanical draft system 
is effected through the mechanisms of evaporation, the evaporative 
losses associated with the Bowline Point station amount to an esti
mated 7 to 12 cubic feet per second (computed at a latent heat of 
evaporation of water of 970.3 BTU per pound at 1.0 atmospheres and 
77°F). 

4.31 Upper estimates of the water losses resulting from the 
operation of all the existing power plants on the Hudson River estu
ary with open cycle cooling are: 
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HEAT IlIJECTION' 
RATE WATER. LOSSES 

(Billion Btus Cubic Feet Million Gallons 
GENERATING STATION pel' hour) Per Second Per Day 

Fifty-ninth Street 0.34 0.8 0.52 
Bowline 5.17 12 7.8 
Lovett 2.38 5.5 3.6 
Indian Point 13.3 30 19 
Roseton 5.92 14 9 
Danskammer 2.97 6.8 4.4 
Albany 9.82 4.2 2.} 

TOTAL 31.9 1:3 47 

4.\32 The total estiated 1088es of the order of 70 cubic feet 
per second are small in comparison to the average annual flow of 
13,000 cubic feet per second &aged at Green 181and (National Commis
sion on Water Quality, 1975). It may be w.11 to note that the flow 
at Green Island represents the major portion but not the entire flow 
of fresh water into the lower Hudson River. As indicated previously, 
the oscillating tidal flow in the estuary can exceed the flow of 
freshwater by a factor of 10 to 100, making these losses of even 
lesser significance when the rejection of waste heat gives rise to 
the evaporation of bracki8h or saline water. 

4.33 In teras of the flow regime of the lower Hudson River, 
the evaporative losses of water caused by the rejection of waste heat 
from existing power plants are considered to be negligible. The same 
conclusion is expected to hold true if and when closed cycle cooling 
systems are installed at the Bowline Point station and other eligible 
power plants in accordance with the requirements of 40 CPR 423. 
Evaporative consumption at those plants is then expected to be 1.5 to 
2 times the values given above. Clearly, however, there would be a 
limit to the additional waste heat from future steam electric 
stations that could be accommodated without appreciably affecting the 
movement of the salfront or other hydrologic characteristics of the 
river or substantially depleting the freshwater resource. 

Water Quality 

4.34 The operation of the Bowline Point Generating Station and 
other generating stations on the Hudson River estuary is a potential 
cauS(' of degradation in the quality of the receiving waters as a 
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result of the discharge of heat, residual quantities of chlorine in 
the cooling water, and contaminants in the various liquid waste 
effluents from the power plants. Liquid wastes are discharged in con
trolled amounts both during normal operations and during periods when 
the power plants are shut down for maintenance. Limitations are 
imposed on the properties of the discharges by the National Pollutant 
Discharge Elimination System permits authorizing the discharge of 
liquid wastes from each of the stations. Further, these limitations 
reflect "the degree of effluent reduction attainable by the applica
tion of best available technology economically achievable" (40 CFR 
423) at the Bowline Point and Roseton generating stations and other 
eligible facilities, as required by the Water Pollution Control Act 
Amendments of 1972 (PL 92-500). 

Bowline Generating Station 

4.35 Liquid effluents from the Bowline Point Generating Sta
tion meet all the limitations imposed by the current National Pollu
tant Discharge Elimination System Permit (Appendix B) issued to 
Orange and Rockland by the u.S. Environmental Protection Agency, 
authorizing the discharge of liquid wastes from the station. Ongoing 
surveys at Bowline Point show that water quality is not being 
affected measurably and that applicable water quality standards 
established by the State of New York are not being violated as a 
result of the operation of the plant. A summary of the principal 
characteristics of waterborne effluents from the Bowline Point Sta
tion is given in Table 4-1. A more detailed discussion of waterborne 
waste streams from Bowline is given in Appendix D. 

4.36 Discharge of Chemical Compounds and Sanitary Wastes. 
Releases of chemical coapounds associated with the operation of 
Bowline generating station are primarily those stemming from boiler 
blowdown. Estimates indicate that residual quantities of chemical 
compounds present in the blowdown will occur in receiving waters in 
maximum concentrations ranging from 0.01 and 0.25 milligrams per 
liter (Orange and Rockland, 1974a). While some of the chemical 
compounds that might be discharged in the blowdown from the Bowline 
Point boilers (hydrazine. disodium phosphate. sodium hydroxide, 
sodium sulfite and cyclohexylamine) and certain derivatives of these 
compounds are known to be toxic to aquatic life (U.S. Atomic Energy 
Commission, 1973). there are no reports of toxic effects associated 
with such contaminants at concentrations likely to be encountered in 
the Hudson River as a result of the discharges from the Bowline Point 
Station. 

Sanitary wastes from Bowline are discharged to the 
Haverstraw muniCipal sewage system. 
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TABLE 4-1 

CHARACTERISTICS OF WATERBORNE EFFLUENTS FROM 
THE BOWLINE POINT GENERATING STATION 

DISalARGE 

WASTE STREAH 
FREQllEIICY RAT! DISPOSAL 

PRIIICIPAL CllAUCTERlSTICS OF THE DISCllAJGE 

PROPERTIES EFFLUEIIT LIHITATIORS IIIPOSED 
BY RPDBS PERNIf 

Ccmdenaer cooling water Continuous 768.000 sal Ion. Hudson Rlver Heat add1tioa. rate: S.6 billion 5.8 bUlion Btu per hour 
per .. inute Itu per hour 

Maxiau. te~.rature: 91.5F 

leaperature rlae: 1l.SF 

Free available 0.1 .Ul1Ir ... 
chlorine: per liter, 

.... i_ 

Chlorination Occaaioaal. 8. 
schedule: required; aus

pended ....... 
vater t .... r.
ture 18 below 
SOP 

pH: Allbi.nt I'lftl" 

VelOCity at 
tra.Uina acreena: 

au and Ir ... e: Rone addad 

SoUa: lIDo. aAldad 

10ZF 

23F 

0.2 .1111,1"'" per UteI' 
aaxt.tm.. 48.5 poWld. 
per day 

ChlorinatIon 8uspended 
when ",ater te..,erature 
18 below 50F 

6.0 to 9.0 or 0.2 pH _it. 
yaluation fro. intake 

0.77 f •• t per •• cOIld 
aut.... 4a111 aver ... 

a.... dioeharaed 

JIo deposit ion or dala
terloa effects 

Allbient .tandards Applicable Applicable Rev York State 
ln recalvina vatera: .ew Yort State at_daru 

standard. 

8011er blovd ..... ODe. daily 121,000 .a11ona Budeon liver Trace quantitiae of: HydraziDe, All U .. 1tetiona appll-
.ocIiUII .ulUte, cable to cOIldenaer 
dJ.aodiUli phoe- eoolinl vater 
ph.te, aocll .. 
bydrozlde, 
cyclobeJcyl_ine 

pH: 8.0 to 9.5 

Prefilter backvuh, «>D.c.e weekly IO,SOO lallona Hud_on River Suapended aolida: Filtereel froa All Uait_tiona applicabla 
wat.r tr.at.eDt ayate. pel' wuh ...... iei.,.l water to condenaer cool1D.1 

Service water au'a1Der Twice 
backwaah weekly 

Ai I' preheater 
w .. hdowo 

Boiler Hal troulb 

Da.1a.eraliHra rel_e
ratioa., vater trea~ ... t 
.yatell 

Once 
quarterly 

ContiDuous 

Boller cl.anina vut.a Once 
, .. rl, 

Plant laboratory la.ter-

Sanitary waate. 

Storatater runoff 
fro. 011 ator.,e are 

Idttent 

lDter
.ittent 

IDt.r
alttent 

CoOUA& tower blovdown. CoDtinuoua 

9.000 .. l1ona Hudaon Jtiver Su.pended aoUda: 
per vaah 

1,800 lal1011a Hud.on River Solida: 
per wuh 

pH. 

15 IIOU- Huciaon ltiver Soli": 
per .inute 

17,000 •• Uona Municipal Solid.: 
per relenera- e_e 
Hon treatMnt 

plant 

pH: 

Off site 

_icipal 
a··la 
treat_Dt 
plant 

_1c1pel 
_ae 
treatBellt 
plant 

IUnucaooao au and Ireu.: 
Creek to 
Budaoa River 

eupply vater 

Acc .... l.t.d 
river dtlbria 

All l1a1tatioa.a applicable 
to coaden.Mr coolinl 
vatat' 

Suepended and All U.-itationa applicabla 
diel801ved pro- to coDd •• er cool1D. vater 
duct. of 011 
c~uatlOli. 

Acidity 
1nc:r ..... froa 
3.5 t. 1 durio, 
eada vulHIown 

AIIh 

D1aolved eo
diUli 8ulpbate 
atneral .. Ie. 
• .-peaded .icro
.i"eel panicl.a 

Neutral 

All 1I.1Iit.<I. .... ppliceble 
to COGd.llMr cool111a _tar 
_. AppU.able 

loa •• pplicable 

Noa.e applicable 

_ appU.able 

15 allli.r .. par liter 
.veraaa, 20.tlliar .. 
p.r UteI' aaxt.. 

6,600 ... llona Hudaon Kiver Heat add1t1oa r.te: O~06 Itu per 0.090 bUU .... Btu per 
hour OctoNr throuah *Y. 
0.015 bUli .. Btu per 
hour JW2e chrouah 
Sept.-ber 

per ainute hour 

llaaba blowd_ 99r 
t..,.ratu1'e: 

Toxic vaate. and 
delaterioua 
aub.tance. 
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4.37 Surface Runoff. Stor.Nater runoff from roofs. yards. 
roadways and parkins lots i. diacharled to Mlnisceonso Creek and the 
Hud.on liver tbroup the wtatlon dral ..... ay.t.. Runoff f~OIl the 
fuel storage faciUty 1. co1t.cted in a 2,000 pllon auap. Collected 
.tormwater i. IIOnito'l'ed by _as of an oil cJetectoraad. in.,.t cir
cU1l8tance.. i. proces.ed ", an 01l-wat.r .. para tor even when the 
concentration of oil i. below the li.i t stipulated in the National 
Pollutant M.cbar,. 11111111&tion 8y.t_ pal'll1t (a _xiaua concentra
tion of 201lllllsr_ par Uter of oil aDIl ar .... aDd a daily averaJe 
concentration of 15 11111111'_ per Ut.r). rollowins exc.ptionally 
heavy precipitation, the ,..oce •• i1ll way b.suapelldad if IIOnitorins 
indicate. tbat the eli.obara- would •• t the rqut.·tory l18itation •• 
Wa.te 011 rec0'9.red fr_ ehe .. para tor ia coll.cteclperiodically for 
di.po.al by a c~rcial wa.t. contractor. Dear.elation of Hudson 
'River water quality fr_ the" .. sourc •• will be .. 11 compared to the 
magnitude of other ... t •• trea .. entering the river. 

4.38 CbloriDatioa. Chlorination i. not ne.ded at Bowline on a 
regular schedule. Wilen chlorine i. .dded, preclictiona (Oraage and 
Rockland, 1974) inelicate that re.idual quanti tie. of fr.e available 
chlorine at concentr.tione of 0.1 1111111.'" per liter diluted 
further in the receivins wat.r. aDd r.duced in ttme through c:he~cal 
reactions aDd atllO.pheric loa ••••• hould not be toxic to aquatic 
organi .... 

4.39 jabient wat.r Quality in Rec8iviDl Watera. Surveys of 
water quality have "en tllproar •• s in the Vicinity of Bowline ancl 
Lovett generetina .t.tiona .ince 1971 (ora ... and Rockland. 1974a; 
1975; 1976). Meuur_llt. of approzi_tely 30 .tanetard water quality 
parameter. have been .. de ODe. a .outh since .td-June 1973. A 
sUID_ry of data on .. l.cted par_tera oba.ned durina 1974 and 1975 
together with pertinent _tail. of the • ..,Ung proar- are liven in 
Appendix D. 

4.40 Several y.ar. of water quality 1IOnitorina of the Hudson 
'River in the vicinity of Bowline Point confira the re.ults of predic
tive analy.es aDd pra1i1linary conclu.lou of earlier, le.s coaplete 
surveys ...... 1, that the waterborne di.char ... fro. the Bowline Point 
station caulS no ...... ble cleiTaclation in the quality of the receiv
ing waters of the lIwlaon Uver. Apart froa teperature. there are no 
obeervat1oaa tbat would iDelieate • chatII. in .ny of the lIOnitored 
par ... tera *ttr1butable cI1r.etly or indirectly to the operation of 
the Bowline 'oint .t.t1on. 
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4.41 Di.aolved oxYlea' at. thepl8llt. elischarae. is ••• nail)' ,equal.:. 
to or.re.ter th.a that· .... v .. d.t tile othK ... plina •. tatiJ)D., : ' 
implyiDg that the circuladq:_t:er .y.t.· dou Itbt directly -l~r 0.1' 

adver.ely affect the le .. t' ·of"IIi.lIDlved .os)'atm i.a;~ J:'iv.~. Th,e '. 
observed IIODtbly value. fOiUow; :tbeWltll kl\DWl\. : ... uoqaltra,ad of· . 
decrea.illl dialolve.t'oXJle1l' levels with iac .... i ... _i.,..t: ri~r 
t_per.ture., reachilll • 1_ pow of, the 01'd8 0.','" ,uliU .. r .. · pil!r . 
liter inaid.u.er .Dd .• tiiab 13 'lIilliar .. ,.r ilt~~e~ ill "ipteJ,". ,'. 
Sample v.luel below 'S~Oai1U.r_ !p8r.U:t8r: (.t\Iae .pplic~l.New York 
State st.Ddard)hav ...... ' GMeri'Nd."ktr-. lQ.1f ,r.a.4in.., of 4.8 
millisr •• per H·ter ill tt..lCnN.iae ,toialt.cn.DAUtl .a.c:\ 4,..5 Jli,lUlrMlS 
per liter in BowlinePoDd •• recorcleclfo-r 1,14.",4 ,lg1S.re.~c
tively, and .re probably a re.ult of-eutrophic coa4itioa. in the 
river. 

4.42 Ob.erved, pH "J.. •• RQV ... "JIJ.e4 ,clUf4!y:'.-ace. ~ in ~he , 
measurellenta •• da .t eaoh'.': th,·.tatioa.. i "",. pH' h tel.t~v.ly cou
stant throuihoutthe ye.r -with an • .,ev .. e v.lue of.pproxu..tely 7.5. 
The extreme'ranae ofp. iathe i..~Uvi4".1.ob.ervationl .. de in the 
2-yeat period ia: 6.8 to 8.0.' . 

4.43 The ongoing lurvey in the vicinity of Bowline Point' con~ 
firms the f.ct th.t the w.ter. of the lower Hud.on River .re rich in 
nutrienu. ..·.wed, val .... ,of:, total nitro ..... (fli~I'.~. P~"'. ~je14.hl 
ni trosea)' aad tootal: ·p~"Oft. "are of 'tH ..• ·~_ib :oY l: ailUii-., per . 
liter and' O~l IIU'Uare pwl(:tur, r .... ctiv.ty.: ~.,th. incl'~a,ti"e of • 
eutrophic .yat. (U'.S~· Q)UD~il· balairiro..-ntal Qu.lity. '1916). 
Occasional low valuea of ibMl., •• oa"eu OC",ur D!8tural1y in, luch. 
s ys teals. Wh ile theeuh!Opltic' caM i tiolll ,in· ,~be r,ivN: canlloOt. ~e 
related to the operati." Qfth., Ie.,Une roinJ:t Ge.eratina Stati,.,n,. 
these are the most likely c.u.e of the infrequent oblerv.tion., of 
dissolved oxygen value. below 5.0 milligrams per liter. 

, , .., :~. 1 _, .\0. : ".., • 

4.44 Yearl, avarat* ",udNnt.o~·,feQal. coliforaa at the .four 
sampling .tationa ruaad .,proxWteJ.y b~.;600 ~D4 i,s'oO c&1l1 
per 100 millUUer.' ilt:;19:14 anckbKw •• n 45():~ 1,..400· ,eouat. per 100 
milliliter. ia 1915. Mu.uw.ent. O,A .~l\4~l".~Jlu.l. .• "P~ .eXh~bl.t iauc.h 
larger vari.tiOD. with :Ob .... rv.tiODIJ:: .. iq M. ~lIh :.,.. ~ .• OOO to .8,000 
cella per 100 _1lLliterl.' 'l'be •• r ... , 1n.~.:~reIMerdlJ .,1.ower. ' 
th.n • leo.tric .... of· 2;.QOO_c4tU~. "I' .,~QOt~ll~l,i~~.r.r¥Aiiia~Q.~ed 
for public w.ter .upplie. (U.8. Enviromaental P"rotection ..... c7, 
1973), but hi,her th.n 100 celli per 100 milliliter. con.idered 
desir.ble in b.thin, water. (U.8. Council on Environmental Quality, 
1916; U.S. Environment.l Protection Agency, 1916). 

4.45 Among the heavy met.l. monitored in the vicinity of 
Bowline Point and Lovett Gener.ting St.tions, chromiua and lead were 
not found in 1975 .t level. above 0.10 and 0.08 milligrams per liter, 
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respectively, the liaits of detectability of the particular methods 
employed in the survey (Oranae and lockland, 1976). Observed 
concentrations of ziue raaaeci fra. values Ius th,anO.l0 lllilligra 
per liter to 0.29 .tlliar .. per liter and concentrations of iron 
ranged f~QB values lass than 0.03 to 3.53 milligrams per liter, with 
a yearly average of apprGxiutely 0.65 lIilligr_ per liter. 

4.46 lapac' on ... , .. t Water 9yality. Waterborne discharges 
from the Bowline Poiat Generatiaa Statioato the Hudson River are 
made into waters classified by the'State of New York as SB or suit
able for bathing and other usaaes except shellfishing for market 
purposes (Parts 700-703, Title 6, Official Ca.pilation of Codes, 
Rules and Regulations, Rev York State). Applicable standards for 
Class SB waters are the following: 

IEe_ 

Floating .olid.; settleable 
sol~ds; oil; sludge 
deposits; solids 

Garbage, cinders, ashes, 
oils, sludge or other 
refuse 

Sewage or waste effluents 

Dissolved oxygen 

Toxic wastes, deleterious 
substances, colored or 
other waste. or heated 
liquids " 

Specification 

None attributable to sewage, 
industrial wastes or other 
wastes 

None in any waters of the 
.. rine district as defined 
by State Conservation law 

None which are not effectively 
disinfected 

Not less than 5.0 parts per 
IIi 11 ion 

None alone or in combination 
with other substances or wastes 
in sufficient &DOunts or at" such 
t .. peratures as to be injurious 
to edible fish or shellfish or 
the culture or propagation 
thereof, or which in any manner 
shall adversely affect the 
flavor, color, odor or sanitary 
condition thereof; and otherwise 
none in sufficient amount to make 
the waters unsafe or unsuitable 
for bathing or ~ir the waters 
for any other best usage 8S 

dete~ned for the specific 
.. tera ~ich are assigned to this 
class 
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4.47 the liquid effluent. fra. the .tation currently lead to no 
violation of applicable wat.r quality'.tandard.. Iuclividual water 
samples take. in the .icinity of the .tatio. inclicate that the 
disaolved oxy.ea level ocee.ionally _ad locally dropa below the regu
latory liait of 5.0 parta per 1Iillioa. This phena.enoa .. y be 
attributed to the eutrophic con4ition. of the Budaon .iver. 

4.48 It ia anticipated tut the li .. i4 ·efflunC. ·fr. a 
closed-cycle coolina .y.t .. i.etallea at the iovliae Poiat Station 
would reflect the applicatioD of the be.t a.ailable t.chnology eco
nomically achie.able (40 cra 423.13) aqd, .Lailarly, would not lead 
to violations of water quality.tandard. in receivina waters. 

Roseton Generatina Station 

4.49 Data on the ..... of cla_ic.l CCIIIpOllnda at the Roseton 
generating sfaf10n are available only for 1974, a year of partial 
operat1oil of bill,. obe Uit <&f, .. db .~. All enemdal ditch.rae. 
will meet the requireaent. of Wational Pollution Discharge'liiai
nation System permit authorizing the di.charge of liquid wastes 
from the Roseton Generatina Station. Operational data are not yet 
available to assea. the effect of chea1Cal dilcharges on the e.tu
ary in the vicinity of aoleton, but preoperational monitoring data 
have found no effect. attributable to di.charaes from the nearby 
Danskammer plant. No effectl are likely from the Roseton dilcharge. 

4~~0 Chlorination. Chlorination has not been uled on a regu
lar schedule at Roseton since the early weeks of operation. When 
added, dosage is the .. xiaum quantity that can be added without 
exceeding the limit- of 0.5 milliar ... per liter free chlorine resi
dual required by New York State water quality standards. 

4.51 Ambient Ri.er Water Quality. Available data doea not 
include the period of relalar operation of the Roseton power unitl. 
Several yearl of preoperational aonitoring data in the vicinity hal 
found no change., in water quality attributable to the operation of 
the nearby Dans~r power pla.t. Waterborne discharaes from the 
Roseton facility are, likewile, not expected to alter ambient river 
conditions as they prelently exilt. 

Cumulativel!pactl 

4.52 The liquid efflueata fre. the Roseton generating station 
(Central Hudson, 1975) aDd other ste .. electric facilities on the 
Hudson River •• tuary contain re.iduals of chlorine, oil and areale" 
combustion products, and a variety of cheaical contaminants. In addi
tion, liquid effluentl fra. the Indian Point Generating Station 
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contain trace. of radioactive .ub.t.nce. (U.S. Enviroament.l 
Protection Ageacy. 1974). The quaatitie.of cont .. inants relea.ed to 
t.he river are .... 11 .M, ~re requireclto canfor.' tqapplicable 
ef"huent I11ii~0. j~clard,. e,t.bU,hed by' the' U. S. Envirollllental 
Protection Agency (40 C,a 423) aDd ~e'li~ objective. of the U.S. 
Nuclear "lui. tory Ca.ie.ion (10 cpa ~o~ App~ndix I). 

4.j3 Both the tid.l .nd fr •• hw.ter flo~ of the Hudson River are 
generally several ord.r. of aaanitude gre.ter than the flow of liquid 
disch.rges froa individu.1 plant., providing the potential of 
diluting waste .. t.ria1 to extr ... ly low concentrations. The behavior 
of contaminant. in .uch circ ... t.nce •. b not well understood, and 
there are not.claaique • .,.ilole to predict .the· transport and fate 
of the cont_aaDt.,.ad their po •• ible derivatives. Whjle several 
.. chanin., .uch .a MdiMat.tion. bio&Ceumulation and chemical 
interaction. could, in principle, le.d to subatantive cumulative 
effects, there .r •• t pr ... n~·ao indications of potential problema 
resulting from the oper.tion of power plants· on the Hudson River. 

4.54 Probl ... r.l.tina to water qu.lity. in the lower Hudson 
River stem principelly fro. the release of nutrients and organic mat
ter frOil municip.l ...... tre.tMnC .y .. teas, with indu.trial releases 
contributing to the or,.nie load (Nation.1 eo.ail8ion on Water Qual
ity, 1976). The .tt.adant conditionaof low levels of disaolved oxy
gen and high count. of colifora bacteria are expected to ~prove 
markedly by 1985 vb.n the 10.1 of elhainating discharges, expressed 
in the Pederal W.ter Pollucion Control Act Amendments of 1972 (PL 92-
500), is ~eali.ed. It i. anticipated that remaining difficulties 
with re.pect to v.ter quality vill then be associated with the rela
tively high coatent of coliform bacteria and heavy metala in urban 
runoff as well a. nal1 contributions of nutrients,·pe.ticides and 
other cont .. inant. in the stora runoff frOB nonurban areas (National 
COilmission on W.t.r qu.lity, 1976). While the relative contribution 
of power plants to v.t.r qu.lity del~adation may riae from its pres
ent low level, it is e&~cted to r .. in ... 11 or nellilible and con
fined to the relea.e of trace coai:~nanta. 

4.55 Water quality .urvey. to d.te indicate that no aeasurab1e 
reductioDe in the dis.o1ved 0Z1len ~on~ent of the Hud.on aiver waters 
occur as a ruult of ther.al disch.raea . froa power plants. More 
detailed field .... ur .. ent.. p.rticu1arly under ,lesa eutrophic condi
tions in the raeeivi .. _tera •• iabt rev •• l a de.onltrable reduction 
in dislo1ved oxyaen withi •. ·the th ... l plulles .ssociated with the 
di.chargel. Bovever. h.ureloudy low (to aquatic life) levels of 
dislolved oxygen .re cvrreatly .baent outside of the ~lbany and ~ew . 
York City portia. of the' eatuary, ... it may be anticipated that the 
continued operation of exi.ting facilities with once-through cooling 
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would not l.ad to aaipificat c .... l.ti •• IMrilW of'~ie.olveel oxy
gen in the ri •• r "terl. ProM the It.ndpdftit of4illol •• 4 o*1le •• 
additional h.~t,re.f.ction lq~.· ~_ fututtipCnHitJ,l ' , 

~!t:ol~e~r~a~b~l.~,~~r;,d.~t~d~i!~l~n~t~a~r.:c~t~i~oa~'~.~ .. ~' ~?~. ~~·~·~"~~·~·~~.~~~~aa. 
nl a at bn of C o.a - coo aI.at illl' et!alb:iei.iltiaa 

plantl and future power plant. effecti.ely eU.IIb,.te.'the pOI.ibility 
of a ligni,icaut loweriaa of the dil.ol.ed oxygen content of the 
Hudlon Riv.r vatar.. ' 

Air Quality 

4.56 The rele.eea of ril'boroe cotataillalltt ftOlitha lowline 
Point and Io.eton Gaberatlll .tatlon. aDd other-fOl.il fueled ata
tionl within th~ 'at'WIy area 'i'i .ubject to Itat. raplatioal loveming 
the cOlllpo.ition allCl ule of fue1a in Itationary c.-.,tion inltalla
tionl. Rev York State reautatloat (6NYCRR, 'Partt 225, 227) lbait 
the peraaieaiblecont.nt of IUlfur in fuel oU bul'aad at the Piftr 
Ninth Street, iowline Point ... Lcw.tt Itat ion. , to ()-'37 percent by 
weight and to 2.0 percent by veiaht in fuel burned at the ROleton, 
Danlkammer (chaaaed to 1.0 peYceat on 1 Auauet 1976) allCl Alb8DY 
station.. The .... ccmteltt of .11 fuel oil brequired to .. e luf£l
ciently low to lillit _ie.ioel of pa'l'ticulaee' .. t~r to a 1I8Xiaua 
rate of 0.10 pounda per .Ulia ITU heat input, •• area. ewar 2 
hours. EmilliOn rat •• of nitrolen oxide. are liaited to 0.30 pound 
per million ITO h.at input. 

4.57 ri.ld .... ureDaftt.of .ir qualit, in ttie Yi~inity of the 
Bowline Point ~er.tina Statlon have Ihovn that ... York Aabient Air 
Quality Stailct.l'i. (6 neD, '.'th 256,257) for particulat •• , lulfur 
dioxide and nit~ol.n dioxide have DOt been exc •• ded a. a r •• ult of 
operatina the power plant. ' 

4.58 Monitorilll data tWD in 1975 and .arly 1976 in the 
vicinity of t~. lo.etoD Ceneretina St.tion indic.te that the lew York 
State hourly* and 24-hour Itand.rd.** for .ulfur dioxide were 
being exceeded occa.ion.lly. All other .pplicable .tate It.ndard. 

iAn hourly It.ad.rel for .u1tar'elioxid. va. i~ effeet .t the t~ of 
writing. The hourly at.nda'" 11&.- ba .. r •• ctede'- (6 IYCRR, P.rt 
257 J e ffecti'f'. 'Illfarch '1977) ia R •• York St.t •• 

**The 24-hourl" York Stat •• taudard for .ulfur dioxiel. require. 
that the 2'4"hbur' C'~entrad,O'Il "flot .xeeed' 0.14 p.rt per aUUon 
and allo that 99" percant of 24-hour v.lue. dari.,. 12 con •• cutive 
month. not exceed 0.10 part peT .illion. Ob.ervatVDnl D.ar the 
RosetoD facility ahow th.t only the fir.t provi.ion of the 
standard i. b.iDI exceeded occ •• ion.lly. 
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for sulfur dioxide, part!eulates aDd nitrogen dioxide were being 1Iet. 
Observations fro. several stationa within the Roseton monitoring 
network inclicat.f that the trederal lie c oDd a ry' standard for suspended 
particulates (24~hour' concentrration) , _'. bei1l8 exce8ded occasion
ally. Central llwleon reports that; aince 1 August 1976 when the 
sulfur contellt of the fUel' oil bUrned .t the' Danska1rMr power plant 
was reduced frOil 2.0 to 1.0 percent, coap-l-iance with the New York 
24-hour stanurd' for aulfur dioxide has been achieved. 

4.59 The possibillty haa been exaained that airborne emissions 
fr01ll the I.os.toll' aDd n.Uka1IiM!r statfonaaightact cuaulatively with 
emssioDs frOil the Bovlltte Point 'aDd Lovett st'ations to produce 
undesirably hlgb concentrati01l8' of sUlfur oxides (Appendix E). The 
results of a nuae~ical.l~lation sbO. no evidence that annual 
average concentrat~oD8 "o,f au1fUr dioxide at ground level ap'Pl'oach 
Federal standards (Appeadis E' of the D'InS ;:S-ction' 4.3.3). The 
Albany and 59th Street etationB are 'cOUide'l'ed to be too far reaoved 
fr01ll the other statio'd' in the' study area to contribute appreciably 
to cumulative cODCeUtr.tlo~ of ~lfur oXides at ground level. 

4.60 The,~.,eration of 'evaporative 'cooling towers, at fossil 
fueled stations within the study area introduces the potential for 
interactions ..,. the p1_es frOll stlleb and cooling towers, with 
the consequent formation of·'acidic alsts. Knowledge of the physical 
and che1llical phenoaena in merged plumes i8 inca-plete and a precise 
assessment of the atten4ant risk of affectinS air quality or produc
ing adverse effects at gr~undleve1 cattnot be made. Information 
available to date indicates that taPacts ie.ulting fro. plU1le inter
action at the Bowline Point and I.oseton stations, or other stations 
on the HudsOn River Estuary, would not be appreciable (Appendix E, 
Section 4.3.,5). ' 

Air Quality at Bow~ine Point 

4.61 Numerical si_lations (Oraqe' andl.ocklaad, 1971; 1972; 
1973), carried out before the Bowline Point Generating Station was 
put into operatio11, iD41c.ted that cerfaia New York State abient air 
quality standards could be' exeeeded as a result of operating the 
power plant~ The analyses ahowed that both hourly· and 24-hour 
average lillitat10na on lulfur d10xide coneentrat'ions would be 
exceeded on the r1dge 11Ue (1I1gh Tor ridge) and peak areas to the 
southwest of the station durina per1odsof "atable at1ROspheric 
conditions and aoderate winds. . 

*The bourly ataudard for lulfur d10xi~e 'e.oncen~ation is no longer 
in effect in New York State_., 
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4.62' Oraaa. apd ~kl--' iDetitat •• apr.~ .. to.aoGitor 
pertinent .. teorolo.ical aa4,t~ .I~ty p~r_.t.t". at' .,..ral ~i
torina st.tioll8 in tile viei.it, of tbe lite .,otb li.forea1a4 .ft.r tbe 
initial oper.tlOD of tIM aowu. ... Point uaitl. Thr •• Itations vel" 
located on the U,h Tor ri ....... 1" the cOllceDtr.tionl of lulfur 
dioxide were expected to be the biabeat UDd.r certain met.orolo,ic.l 
conditions. 

4.63 In ad4itiOD, 01' ... · and IcM:k.l.nd .po~r8d ..... 1.q:' .. Dt 
progr .. to obl.rve the behavior of the plumel' fr~tb. 1~1in. Point 
st.tion .t.ck. uliua fluoreac .. ~ partiel. tr~.r. iDj.etedinto tbe 
stack (Orange •• Rockla.,.l,76). r~v ••• t., of ob •• n.ti.OIlIl Vel" 
made on three •• p.r.te d.y_ J~~.tw.n .19J.Dua~ .nd 31 Ju13 1976vhen. 
meteorologieal conditione ".. pre4iete4to b. IIOlt cODducive to 
direct contact of Biah Tor by the pi..... On .• ac,b ~f th ... ooo .. ions, 
the prev.Hi .. caUiQati •• of win4- .,. ... aqd .biGepla.ric .t.bility 
were such that the ,w.. w. located above tberU,e alict .00 direct 
cont.ct occurred. Further, the ti .. averaaect dilution, or di.perlion 
of the plu ....... uffici.ntl' .e .. t t~ pr~.nt th~ cODc.ntration of 
sulfur dioxide OD tta. riel,e fro. .xc.,eli ... _i.nt 'C.J;I.Cl.rdl. An. 
examination of •• t.orelo,ic.l el.t, •• ~hered·.t th,BoWline 'oint .ta
tion bet ••• nAn,u.t 1972 •• 4 April 1976 .hov. DO in.tanc. When con
dition. of viDd .ncl .tabilit', .. uld l.ad to the fai •• Hon of Biah 
Tor ridge, aad the·po •• ibilit, of the critical coabin.tionof .. teoro-
10gic.l f.ctor. oecurrioa i, t.ken to be reaote on the b.si. of both 
the av.il.ble ov •• rv.tion ..... t.orololic.l record •• 

. ' 
4 •. 64 Annual report, .... rbiua the r~lult. of _t.orolo,ieal 

and air quality ... sur ... nt. fro. June 1974 to H.y 1975 (Or'Dle .nd 
Rockland, 1975) .nd .nd June 1975 to Hay 1976 (Or.nae .nd Rockl.nd, 
1976) have been prep.red .nd filed vith the lev York St.te Dep.rtment 
of Environmental Con.erv.tion. 10 in.t.nce. of st.te .ir qu.lity 
standards beina exceeded hay. been reported to d.te (Burns, 1976). 

4. ~5 Th. poasibility of ~rnioa Ie .. upen.ive fu,el oil with a 
sulfur content Irea-t. than 0.37 perc.nt by v,i&11t haa b •• inve.
tigated (Or'nae and Iocklaad, 1976). RU.erie,1 lbaul.tiolll practic.l 
fuel svitchina pmaro- i~olv~"I fuel oU. vith .ulfur content. of 
0.37 and 2.2 p.~cent. Or'na' and lockland h~. applied to i~dic.te 
that ambient .ir quality .taod.rdl c.n be .. i.tained uDder • the lew 
York State Dep.rt.ent of Enviroaaent.l Conserv.tion for .uthoriz.tion 
to implement the fu.l switching progr ... 

, , ,4.66 Air ~alttx ~itOl1'i.! Air quality 1IOnitoriDI in the 
v1c1n1ty of the owl ne Dt .tauon region b_.an in 1970. Ob.ena
tions vere made at v.riou. tiaes between 1 Hay 1970 .nd 31 Auauat 
1972 to establish b.seline conditions before Unit 1 v.s put into 
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ca..ercial service (~ranae:·'and' 'Rectlanel,' 1973). Measur_lita of the 
ambient concentrationa of 'iulfur o~ickt aM' "particulate. vere II8de at 
four l~~t,ions in t~e Baveratr_area, the prilllary location being the 
office building of the 'RocklaDd'·Clc,Unty ,Iledtih Department in 
Haverstraw. Meaaut_ente of 1litroaenoxide. concentrations were lIade 
at one site only, the Mev Y(jrlt" State Rehabilitation Hospital. Early 
analysh of .easur .. enta.hdtMcl that d-atai'lfrOm the various monitoring 
stations could b* cOilbiaed'to yield a r ..... ble representation of 
air quality in the general vicinity of the power plant (Orange and 
Rockland, 1973a). 

4.67 S~ry reaultl of preoperational air quality monitoring 
are given in Tablea 4-2 an4 4~3. The principal findings, based on 
data,given in t~e.e tablea. a. veIl a. c~lative probability distri
bution developed from meaaureaents of nitrogen oxide concentrations 
over a 6-month period, are a. followl: 

(1) Prevailing concentrations of sulfur dioxide vere sub
stantially below Mev York State air quality standardl. 
Obaerved hourly average concentrations reached 25 percent 
of Itandards, wbl1e daily a~ annual averages reached 50 
percent of thereapective atandards. 

(2) Ob~e~ed concentrations of p,rticulates ranged in value 
from levels correapoDding to 70 percent of standards to 
values in exce~. of ,these standards. 

(3) Average 24-hour concentrations of nitrogen oxides vould 
exceed the aableat standards of 0.05 parts per million 
roughly 64 percent of the time during a period of 12 con
secutive .onths. Further, correlations of air quality 
and meteorological observations indicated that all three 
airborne cont_inants, obierve'droutinely in high concen
trat10na, were not of local origin. The data suneated 
that airborne contaminants migrated from the southeast 
across Haverstraw Bay and, from the southwest, from the 
Ramapo, Mawah and Hac1tensac,lt River Valleys. 

4.68 A monitoring prograa designed to measure sulfur dioxide 
concentrations attributable to the operation of the Bowline Point 
station was instituted in March 1972 in response to the stipulations 
of the Rew York Department of Environmental Conservation. A network 
of' six real-tu-e (continuous) stations was established in the 
vicinity of the station at points identified in Figure 4-1. 
Provisions have been made to monitor concentrations of particulate 
matter and nitrogen dioxide at three of the stations. Pertinent 
characteristics of the network are given in Table 4-4. 
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TABLE 4-2 

S1HIA&Y or PIIOPBltATIOlW. OBSBavA'rIDRS or 
SULlUI. DIOXIDB OOI1CB11'r1ArIORS A'rBOWLDB PO~ 

~. j .. 

0B8DVBIJ OOR~S ow YOU SUlmARDS 
U, PARTS PO JQ:J.I.IOR ~ PAIl'$ PD MILLION 

, ' 

99 PIICDT MAlDPJH 99,PDCIIT IWtDllH 
pnrOD naQUIRCY OBSDVBD IUQUBI1CY OBSERVED 

1-Hour Averale Concentration. 

1 May 70-31 Aug 72 0.058 0.U8 0.25 0.50 
1 Sep 70-31 Aug 71 0.069 0.128 0.25 0.50 
1 Sep 70-31 Aug 72 0.047 0.096 0.25 0.50 
SU1IIDlers 0.053 0.100 0.25 ' 0.50 
Winters 0.068 0.128 0.25 0.50 

24-Bour Averaae Concentration 

1 May 70-31 Aug 72 O~OSl 0.070 0.10 0.14 
1 Sep 70-31 Aug 71 0.057 0.070 0.10 0.14 
1 Sep 71-31 Aug 72 0.037 0.04 0.10 0.14 
SUDIIlers 0.035 0.052 0.10 0.14 
Winters 0.057 0.070 0.10 0.14 

ANNUAL AVBllAGE OBSERVED AVEllAGE 

1 May 70-31 Aug 72 0.OlS8 0.030 
1 Sep 70-31 Aug 71 0.0172 0.030 
1 Sep 71-31 Aug 12 0.0141 0.030 

*Hour1y standard for sulfur dioxide concentration is no'longer in effect 
in New York State. 

Source: Orange and Rockland. March 1973a. 
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TABLE 4-3 

SmtoIARY OF PREOPERATIONAL OBSERVATIONS OF TOTAL SUSPENDED 
PARTICULATE CONCENTRATIONS AT BOWLINE POINT 

STATION 

50 PERCENT P'REQUINCY 

Health Department Bldg. 
Bowline Point Tower 
Health Department Bldg. 

CONCENTRATION OF PARTICULATES 
IN MICROGRAMS PER CUBIC· METER 
HI-VOLUME HI-VOLUME 
EQUIVALENT SAMPLE 

58 73 
65.5 
62 73 

and Bowline Point Tower 

84 PERCENT FREQUENCY 

Health Department Bldg. 85 96 
Bowline Point Tower 92 
Health Department Bldg. 87 96 

and Bowline Point Tower 

100 PERCENT ruQUENCY 

Health Department Bldg. 199.7 124 
Bowline Point Tower 218.5 178 
Health Department Bldg. 218.5 178 

and Bowline Point Tower 

Source: Orange and Rockland, March 1973a. 
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NEW YOlUt STANDABDS 
IN MICROGRAMS 
PER CUBIC METER 

65 
65 
65 

100 
100 
100 

250 
250 
250 
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TABLE 4-4 

CiWlACTalSTICS OF THE AIR QUALITY MONlTORIHG 
HftWoIlt AT BOWLIld P01:RT 

STATION STATION !LEVATION, (1) 
=~) DISTANCE 1PltOM 

NUMBER raT 'POWER P1.ANT, 
nlGBBES MILES 

1 Stony Point 220 116-176 2.6 
2 Rehabilitation 180 91-151 1.4 . 

Hospital 
3 LetChworth Village 450 70-130 3.1 
4 Bowline Point 8 279-339 0.5 
5 Hi Tor 564 314-014 1.5 
6 Croton Point 62 260-320 3.8 

(l)Feet above..an flea level. The ~op of the stacks at t~ Bowline Point 
Generating Station i8 287 feet above gro\llld level and 297 feet above 
mean sea level. 

(2)The downwind sector 18 the sector + 30 degrees from the wind direction 
that places the station downwind of the power plant; angles are 
measured clockwise from a reference of due north at 00 or 3600

• 

Source: Orange and Rockland, July 1976. 
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4.69 Qu.rt~lJ ~~J.~~fl.;~~~a.-,4,oc.~ .. ;~ •• ~ts of 
~iel~ •• aur_nta h.ve beeniMWt~ ... ';~tc~ t~(~t10n 'ofthe lIOn-
1tor 1Dl proar_. The l.taat ..• illable.u.maal repo.r.t .. (Orea. ancl 
Iockladp; 1~J6))cont.ina~ __ ~t.ili!iaa, ~ i4q~~~ diox~... : 
.... _ ... n~ •. ~~ June 1"~ 'i~ij.y 1976. 4.i.~ry of the _asured 
aver .. e "Uy concentr.tioaa,:i..'lIiven in Table 4-5. The d.ta show 
no instanee of the .-bient ataDdard of 0.1 p.rt per million being 
exceeded during the period un~,r consideration. 

4.70 SUllllaries of reiu1ts derived ft~ •• aur...nt. 'of nitro
len diox~de concentr.tio1l8 (fr_ June to Rov .. ber 1974 a~. Marc:lr to 
Kay 1975) and particulate co~entrationa <_.,tember 19i4 to.ove.ber 
1974 and Dec_bel' 1974 to' .,1'75) .re li~~ .. in Table. f 4';'6ad·"4'.6.i7. 
The obsefv,d concentr.tionl of nitrolen dio~lde _asured houtl, add 
averaced;' .bnthly are lener.i.lY"well below 0.05 p.rt pet; '.ii lfotlj . vi th 
.onthly .verales appro.china this value only occ.aionally. Accord
ina1y, it .ppeara _likley tbat~ the··.taDCl8l'd of· o..OS-.p8l'.t per 
miUion •• ,pUc.ble to qbservat;iona t.unover 12 ~onsecutive IIOnths 
will be 'bC •• d~~ lIiix~ boUrly?iteiiir.entl of' ditroS.u:'ditJitbie· 
concetltr.tions arellUbiitutiaUy' hi~.iI; aad 'occaaietaatt, 'reacli,· .. ituea 
of the order of 0.6 part per .illion. Dat. on concentrations of . 
P4rticul~e. Ihow,.o inlt.ne_jof ~t.te'j at.Dd.r~1 beiDS e~ce.d.d,i' 
during tba monitoria, p.rio4~.: ,c'''', .:';" 

- .1.-. -"j' ~ ; .. -" - - '.~. j. .' ,t 

4.71 Mealured concentr.tions of'nitroaen dioxide taten after 
the Bowline Point atation bec.e op .. r.~io.al,. t""efo~eJ ~iff.J' 
sub.t.ntively fro. the preoperation.l concentration. disculsed pre
vioully. The later information Ihov. that lover concentrationl 
prevail, IUI.eatina either a reduction in back.round levell or defi
ciencies in one or both sets of measur ... nts. No data are available 
from alternative sources to indicate the .ore likely explanation for 
the apparent discrep.ncy. 

Air Quality .t the ROleton Generatina Station 

4.72 An air quality aonitorina network has been established in 
the vicinity of the Roseton .nd Danltaamer lener.tina stations. The 
individual stationl makina up the network are identified in Filure 
4-2 and pertinent info~tion on the st.tion is liven in Table 4-8. 

4.73 Summariel of data collected over the l2-month period frOD 
March 1975 throuah Febru.ry 1976 .re liven in Tablel 4-9, 4-10. and 
4-11 (data on lulfur dioxide concentrations) .nd Tables 4-12 and 4-13 
(data on total luspended particulate and nitrogen oxide concentra
tions, respectively). Measurements of sulfur dioxide concentrations 
indicate that 99 percent of hourly average values are below the New 
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TABLE 4-5 

SUMMARY OF SULFUR DIOXIDE OBSERVATIONS 
AT BOWLINE POINT, JUNE 1975 THROUGH MAY 1976 

NUMBER OF DAYS WITH AVERAGE DAILY CONCENTRATIONS 
IN EXCESS OF 0.10 PARTS PER MILLION/NUMBER OF DAYS OF OBSERVATIONS 

MONTH STONY REHABILITATION LETCHWORTH BOWLINE CROTON 
POINT HOSPITAL VILLAGE POINT HI TOR POINT 

1975 

June 0/18 0/29 0/30 0/30 0/21 0/30 
July 0/30 0/22 0/30 0/29 0/27 0/30 

~ 
August 0/31 0/23 0/31 0/31 0/31 0/31 

I September 0/30 0/30 0/30 0/30 0/30 0/30 
N 

October 0/31 0/30 0/31 0/30 0/31 0/28 ID 

November 0/29 0/30 0/30 0/19 0/30 0/28 
December 0/30 0/28 0/28 0/31 0/31 0/28 

1976 

January 0/31 0/25 0/31 0/31 0/30 0/30 
February 0/29 0/23 0/29 0/27 0/28 0/29 
March 0/31 0/31 0/26 0/31 0/23 0/29 
April 0/28 0/30 0/29 0/30 0/30 0/30 
May 0/31 0/14 0/31 0/28 0/31 0/31 

Source: Orange and Rockland, July 1976. 



TABLE 4-6 

SUHMAlY OF NITROGEN DIOXIDE LEVELS AT 
BOWLIII POINT, JUNE 1974 THROUGH MAY 1975. 

NITROGEN DIOXIDE CONCENTRATIONS, 
PARTS PER MILLION 

MONTH DATA 
AND CAPTURE, MAXIMUM MONTHLY 

STATION YEAR PERCENT HOURLY AVERAGE 

STONY POINT Jun 74 79 0.033 0.005 
Ju1 74 50 0.030 NA 
Sap 74 95 0.180 0.049 
Oct 74 97 0.155 0.030 
Nov 74 61 0.194 NA 
Mar 75 100 0.094 0.021 
Apr 75 98 0.125 0.038 
May 75 100 0.116 0.038 

LETCHWORTH Jun 74 53 0.146 NA 
VILLAGE Ju1 74 100 0.095 0.022 

Aug 74 100 0.084 0.027 
Sep 74 100 0.116 0.027 
Oct 74 100 0.155 0.031 
Nov 74 100 0.133 0.030 
Mar 75 99 0.107 0.026 
Apr 75 99 0.150 0.023 
Hay 75 99 0.165 0.046 

HI TOR Jun 74 27 0.088 NA 
Sap 74 84 0.103 0.022 
Oct 74 90 0.166 0.037 
Nov 74 700 0.164 0.030 
Mar 75 99 0.095 0.025 
Apr 75 98, 0.458 0.044 
May 75 98 0.568 0.044 

Sources: Orange and Rockland, November 1974; February 1975; 
July 1975. 
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TABLE 4-7 

SUMMARY OF TOTAL SUSPENDED PARTICULATE OBSERVATIONS 
AT BOWLINE POINT, SEPTEMBER 1974 THROUGH MAY 1975 

TOTAL SUSPENDED PARTICULATE CONCENTRATIONS IN 
MICROGRAMS PER CUBIC METER, EXCEPT AS NOTED 

PERIOD 
STONY 
POINT 

SEPTEMBER 1974-NOVEMBER 1974 

Data capture, percent 
Computed geometric mean 
Computed standard 

deviation 

Number of excesses of:(l) 

24-hour N.Y. State 

84.6 
31.3 

2.0 

standard 0 
24-hour Federal primary 

standard 0 
24-hour Federal secondary 

standard 1 

DECEMBER 1974-MAY 1975 

Data capture, percent 93.4 
Computed geometric mean 32.6 
Computed standard 

deviation 1.8 

Number of excesses of:(l) 

24-hour N.Y. State 
standard 0 

24-hour Federal'primary 
standard 0 

24-hour Federal secondary 
standard 0 

LETClM)RTH 
VILLAGE 

69.2 
35.9 

1.8 

o 

o 

o 

76.4 
46.5 

1.7 

0 

0 

1 

WEST HAVERSTRAW 
SUBSTATION 

85.7 
36.2 

1.7 

o 

o 

o 

91.8 
47.0 

1.6 

0 

0 

0 

(l)The Fadera! standards are values not to be exceeded more than once a 
year. New York State standards, until 18 March 1977, were maximum values. 

Source: Orange and Rockland, November 1974; February 1975; July 1975. 
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TABLE 4-8 

CHARACTERISTICS OF THE AIR QUALITY K)NITORING 
NETWORK AT THE BOSETON STATION 

STATION STATION ELEVATION (1) DOWNWIND SECTOR, (2) DISTANCE 
NUMBEtl FEET . DEGREES FROM POWER 

PLANTS, 
FROM FROM MILES 
DANSKAMMBR BOSETON ~ 

~ 

1 Hughsonville 132 225-285 226-286 2.1-2.5 

2 New Hamburg 122 190-250 199-259 1. 7-2.2 

3 Chelsea 83 304-004 277-337 0.9-1.1 

4 Marina 8 017-077 006-066 1. 9-1.6 

5 Cedar Cliff Road 115 157-217 183-243 0.9-1.1 

A Wheeler Hill Road 325 255-315 245-305 1.0-1.6 

6 Roseton 6 009-069 266-326 0.4-0.3 
',-" 

(l)Feet above mean sea level. 

(2)The downwind direction is the direction of a wind that places the 
station downwind of the power plant. The downwind sector is sub-
tended by an arc ± 30 degrees centered on the downwind direction. 
Angles are measured clockwise from North at 0°. 

Source: Central Hudson, June 1976. 
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STATION 

1. Hughsonville 

~ 2. New Bamburg 
I c..» 
~ 

3. Chelsea 

4. Marina 

( 

-. 
• 

TABLE 4-9 

SUMMARY OF HOURLY SULFUR DIOXIDE OBSERVATIONS 
AT ROSETON STATION, MARCH 1975 THROUGH FEBRUARY 1976 

..... 

OBSERVED HOURLY CONCENTRATIONS OF SULFUR DIOXmE ABOVE 0.25 PARTS PER MILLION 

WIND NET GENERATION, MW sUI.FtiR DIOXIDE 
DIRECTION, (1) HOURLY COIICBNTIATION. 

DATE TIME DEGREES DANSIWOtER ROSETON PARTS P,ER MILLION 

5 Ju1 75 0900 173 317 399 0.436 
5 Sep 75 1000 175 310 561 0.314 
9 Aug 75 1200 177 376 574 0.296 
3 Oct 75 2100 199 383 572 • 0.283 
8 Oct 75 1200 122 176 852 0.352 

28 Feb 76 0900 229 307 568 0.263 
8 Mar 75 1600 305 203 1,006 0.267 

26 Mar 75 1600 307 181 1,030 0.291 
26 Mar 75 1800 311 175 1,032 0.291 
4 Apr 75 1000 305 188 1,01Q 0.281 
4 Apr 75 1100 306 186 1,011 0.266 
4 Apr 75 1300 302 201 1,012 0.306 
4 Apr 75 1400 307 192 1,013 0.265 
4 Apr 75 1600 299 193 1,010 0.333 
4 Apr 75 1700 297 196 1,010 0.358 

30 Ju1 75 0900 150 250 930 0.375 
31 Dec 75 2200 31 235 284 0.344 
31 Dec 75 2300 29 233 286 0.294 
1 Jan 76 0000 33 233 284 0.319 

( ( 
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TABLE 4-9 
(Continued) 

OBSERVED HOURLY CONCENTRATIONS OF SULFUR DIOXIDE ABOVE 0.25 PARTS PER MILLION 

WIND (1) NET GENERATION. MW SULFUR DIOXIDE 
DIRECTION, HOURLY CONCENTRATION 

DATE TIME DEGREES DANSKAMMER ROSETON PARTS PER MILLION 

Cedar Cliff 16 Mar 75 1100 129 137 926 0.281 
Road 19 Apr 75 1200 214 151 1,017 0.450 

12 Jun 75 1000 184 343 530 0.285 
23 Jun 75 0200 205 218 546 0.257 
23 Jun: 75 0300 209 193 448 0.425 
23 Jun 75 0400 209 187 495 0.375 
23 Jun 1~ 0500 211 197 550 0.581 
11 Sap 75 2100 176 312 573 0.338 
11 Sap 15 2200 178 284 548 0.304 
12 Sep 75 0100 177 224 298 0.309 
12 Sep 75 0200 174 209 296 0.371 
12 Sep 75 0300 176 207 297 0.443 
12 Sep 75 0400 176 209 297 0.412 
12 Sep 75 0500 177 209 318 0.304 
12 Sep 75 0600 181 223 391 0.253 

4 Oct 75 0400 196 124 455 0.271 
14 Oct 75 1400 195 186 955 0.496 
21 Nov 75 1100 181 338 264 0.306 
21 Nov 75 1200 179 325 266 0.379 
21 Nov 75 1300 184 324 268 0.275 
26 Nov 75 1500 016 361 200 0.261 

Wheeler Hill NO VALUES EXCEED 0.25 PARTS PER MILLION 
Road 

( 
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TABLE 4-9 
(Concluded) 

OBSERVED HOURLY CONCENTRATIONS OF SULFUR DIOXIDE ABOVE 0.25 PARTS PER MILLION 

STATION WIND NET GENERATION, MW SULFUDIOXIDE 
DIREcrION, (1) HOURLY CONCENTRATION 

DATE TDIE DEGREES DANSlCAMMER HOSETON PARTS PER MILLION 

6. Roseton 5 Apr 7S 0900 301 184 1,015 0.265 
5 Apr 75 1000 320 205 1,017 0.284 
5 Apr 75 1200 330 189 1,017 0.252 
5 Apr 75 14.00 320 156 1,024 0.282 
5 Apr 75 1500 333 156 1,020 0.292 

21 Apr 75 1200 317 156 1,022 0.316 
26 Apr 75 1600 312 114 806 0.278 
30 Jul 75 0900 150 250 930 0.347 

(l)Wind direction measured at the upper level of the Roseton meteorological tower. 

Source: Central Hudson, June 1976. 
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TABLE 4-10 

SUMMARY OF 24-BOUR SULFUR DIOXIDE OBSERVATIONS 
AT ROSETON. MARCH 1975 THROUGH FEBRUARY 1976 

OBSERVED 24-HOUR CONCENTRATIONS OF SULFUR DIOXIDE EXCEEDING 0.10 PARTS/MILLION 

AVERAGE OBSERVED 

( 

WIND 
DIRECTION, (1) 

GPERATION, MW SVLFUR DIOXmE 
STARrING CONCENTRATIONS, 

STATION DATE HOUR DEGREES DANSlCAMHER ROSETON PARTS/MILLION 

1- Hughsonville NO VALUES EXCEED 0.10 PARTS PER MILLION 
2. New Hamburg NO VALUES EXCEED 0.10 PARTS PER MILLION 
3. Chelsea 8 Mar 75 0200 308 193 976 0.128 

26 Mar 75 1100 307 197 780 0.122 
3 Apr 75 1900 298 194 982 0.177 

4. Marina NO VALUES EXCEEP 0.10 PARTS PER MILLION 
5. Cedar Cliff 22 Jun 75 1000 208 212 675 0.173 

Road 23 Jun 75 0300 208 306 602 0.134 
11 Sep 75 2000 177 278 485 0.159 

A. Wheeler Hill NO VALUES EXCEED 0.10 PARTS PER MILLION 
Road 

6. Roseton 5 Apr 75 0600 322 167 957 0.166 
26 Apr 75 1300 313 120 952 0.103 

(1) Wind direction is measured at the upper level of Roseton meteorological tower and is 
averaged over the period beginning 3 hours before and ending 3 hours after the hour of 
highest sulfur dioxide concentration within the 24-hour averaging period. 

(2) Value is the 24-hour running average sulfur dioxide concentration. 

Source: Central Hudson, June, 1976. 
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TABLE 4-11 

SUMMARY OF MONTHLY SULFUR DIOXIDE CONCENTRATIONS 
AT 1«)SETON, MAICH i975 'l."BIlCJUGB FEllDAKY 1976 

AVERAGE MONTHLY CONCENTRATION OF SULFURDIOXtDE. PAR'IS PER MILLION 

STATION 
12-KONT8 

MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB. .VERAGE 

1. Hughsonville .014 .016 .013 .01,1. _ .010 .010 .009 .007 .015 (1) .012 

2. New Hamburg .011 .009 .011 .006 .008 .013 .010 .018 .031 .025 .034 .026 .017 

3. Chelsea .031 .038 .013 (1) .009 .008 .009 .016 .020 .022 .025 .017 .019 

4. Marina .016 .014 .013 .012 .011 .014 .010 .019 .021 .027 .039 .022 .018 
, , ' 

5. Cedar Cliff .015 .018 .026 .62'7 .020 .015 .017 .018 .027 .018 ' .. 025 .019' .020 
Road 

A. Wheeler Hill (1) .015 (1) .015 
Road 

6. Roseton .019.033 .011 .008 .009 • 010 ~ 007 .010 .018 '.019, .022 '~O17 " '~015 
-------~----

Average of .018 .021 .014 .013 .011 .012 .010 .015 .0"22 .022 .027 .020 .017 
Stations 

(1) Insufficient data to compute a valid average (~480 hours of data per month, 2 months per 
season and all seasons for an annual computation are required 

. \ . . - ; r: J~' , . ; 1."1 :~ . _'.:: J V /'. 
Source: Central Hudson, J~;1976. '. ,.- .,~ ~ ". • ' :.' ~l 

( ( 



( 

~ 
I 

loA) 

\0 

( 

TABLE 4-12 

SUMMARY OF 24-HOUR TOTAL SUSPENDED PARTICULATE OBSERVATIONS AT ROSETON 
MARCH 1975 THROUGH FEBRUARY 1976 

OBSERVED 24-HOUR CONCENTRATIONS OF TOTAL SUSPENDED PARTICULATES 
EXCEEDING 150 MICROGBAKS PER CUBIC METER 

STATION 'i!VAILfRG WIND AViilG!! OBfiRVED 

DATE GENERATION I MW CONCENTRATIONS. 
DIRECTION. SPEED, MICROGRAMS PER 

DEGBEES MPH DANSKAMMER ROSETON CUBIC METER 

1. Hughsonville 1 Mar 75 308 6 196 844 160.0 
6 Mar 75 274 7 197 996 151.0 

17 Mar 75 14 9 166 912 184.0 
14 Apr 75 322 6 174 529 161.0 
21 May 75 279 4 159 927 189.0 
15 Aug 75 9 7 322 431 182.0 

2. New a_burg 6 Mar 75 274 7 197 996 151.0 
19 Jan 76 24 12 360 279 170.0 

4. Marina 12 Apr 75 341 8 126 995 176.0 
20 May 75 198 9 161 884 163.0 
23 May 75 238 7 170 967 173.0 
29 May 75 182 5 163 748 182.0 

5. Cedar Cliff Road 15 Apr 75 326 7 162 916 177.0 

Source: Central Hudson, June 1916. 
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TABLE 4-13 

COMPARISON OF TOTAL SUSPENDED PARTICULATE OBSERVATIONS AT ROSETe. 
TO APPLICABLE NEW YOlK STATE· STANDARDS, 

MARCH 1975 THROUGH FEBRUARY 1976 

PERCERT OF DAILY- COHClHTRATIOBS1 PERCENT OF DAILY COHCD1'1'llATl(JIS 1 

OF TOTAL SUSPENDED PARTICULATES OF TOTAL SUSPENDED PARTICULATES 
STATION BELOW 50 PERCEllT STANDj]I])Z BELOW 84 PERCENT STAlmARD3 

SPRING SUMHER FALL WINTER SPRING SlHtER FALL WINTER 

1. Hughsonville 47.1 42.3 40.1 77.1 73.1 70.6 

2. New Hamburg 61.6 63.6 65.1 64.1 89.5 88.8 86.9 85.4 

3. Chelsea 76.0 76.6 78.8 79.3 96.0 94.6 94.0 98.8 

4. Marina 67.1 75.6 79.5 81.2 91.1 92.4 93.5 98.8 

5. Cedar Cliff Road 79.9 83.1 84.7 92.8 97.4 97.8 97.8 100.0 

A. Wheeler Hill Road 86.1 100.0 

1Cumu1ative to end of each quarter. 
2New York State standards in effect before 18 March 1977 required that 50 percent of daily 
average concentrations of total suspended particulates be below 55 micrograms per cubic 
meter at stations 1, 2, 3 and 4 (Level II standard) and 65 micrograms per cubic meter at 
stations 4 and 5 (Level III). The requirement is no longer in effect. 

3New York State standards in effect before 18 March 1977 required that 84 percent of daily 
average values be below 85 micrograms per cubic meter .at stations 1, 2, 3 and 4 and 100 
micrograms per cubic meter at stations 4 and 5. The requirement is no longer in effect. 

Source: Central Hudson, June 1976. 
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York State standard of 0.25 part per million* (Central Hudson Gas 
and Electric, June 1976). Instances of me.sured values in excess of 
0.25 parts per million are recorded in Table 4-10. Among these, one 
value of 0.581 parts per million, measured at Cedar Cliff Road on 23 
June 1975 is in excess of the regulatory standard of 0.5 parts per 
million. More than 99 percent of the measured 24 hour concentrations 
are below the standard for 0.10 parts per million (Central Hudson Gas 
and Electric, 1976). As indicated in Table 4-11, a total of eight 
running averages over 24 hours has exceeded 0.10 parts per million, 
and among these four are in excess of the standard of 0.14 parts per 
million. The highest 24-hour average concentration record,ed over the 
period is 0.177 parts per million. The monthly average 
concentrations given in Table 4-12 show that the annual standard of 
0.03 parts per million is not exceeded. 

4.74 Observed values of total suspended particulate concen
trations and applicable state standards are compared in Table 4-13. 
As indicated, concentrations at one of the stations (Hughsonville) 
fail to meet standards relating to the distribution of daily average 
concentrations, both at the 50 and 84 percent levels.** However, 
the geometric mean of 24-hour concentrations measured at all the sta~ 
tions over 12 consecutive months is below the regulatory standard 
(Central Hudson Gas and Electric, 1976) and no single value above the 
standard of 250 micrograms per cubic meter has been observed. 
Recorded 24-hour averages in excess of 150 micrograms per cubic 
meter, the Federal secondary standard, are listed in Table 4-13; the 
highest recorded value is 189 micrograms per cubic meter. Operation 
of the Roseton and Danskammer generating stations is thought to have 
contributed to particulate concentrations during 2 of the 13 days 
with highest daily levels over the 12-month period ending in February 
1976 (Central Hudson Gas and Electric, 1976). 

4.75' Values of the measured concentrations of nitrogen oxides 
given in Table 4-14 show that the annual average concentration is 
below 0.05 parts per million at all reporting stations. The standard 
of 0.05 parts per million of nitrogen dioxide, therefore, is not 
exceeded. The extreme 24-hour concentrations recorded at certain 
stations are substantially higher than the annual average, with 
values ranging to 0.184 parts per million. 

4. 76 Available information on air quality monitoring in the 
vicinity of the Rosetop station over the period March 1976 to August 

*The hourly standard for sulfur dioxide concentrations is no longer 
in effect in New York State. 
**. I· ff t These requ1rements are no onger 1n e ec. 
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TABLE 4-14 

SUMMARY OF NITROGEN OXIDES OBSERVATIONS AT 
ROSETON, MARCH 1975 THROUGH FEBRUARY 1976 

AVERAGE MONTHLY CONCENTRATIONS OF NITROGEN OXIDES, PARTS PER.MILLION 

. 12-!I>NTH 
STATION MAR APR MAY JUN JUL AUG SEP ocr NOV DEC JAN FEB AVERAGE 

·8 

2. New Hamburg .018 .013 .019 .007 .007 .010 .016 .023 .044 .044 .046 .041 .024 

3. Chelsea .014 .014 .017 (1) (1) .019 .019 (1) .043 .044 .041 .030 .024 

4. Marina .022 .022 .037 .015 .016 (1) (1) .025 .034 .040 .040 .031 .028 

5. Cedar Cliff .012 .009 .043 .031 .027 .032 (1) (1) .037 .046 .049 (1) .031 
.&:- Road 
I 

.&:- HIghest 24-hr .079 .143 .118 .103 .090 .079 .066 .102 .194 .194 .169 .138 N 

concentration 

Station number 2 4 5 5 5 5 5 4 5 5 2 2 
recording highest 
24-hr concentration 

Prevailing wind 236 226 194(2) 204 140 73 202 191 202 202 022 202 
direction on high- . 
est day, degrees 

(1) Insufficient data to compute a valid average (480 or more hours per month are required). 

(2) A concentration of .118 parts per million was recorded twice at the same location in May 
1975. On the second occasion the wind was variable. 

Source: Central Hudson, June 1976. 
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1976 (Central Hudson Gas and Electric, 1976) shows that observations 
continue to be occasionally above applicable standards. Two 
instances of 24-hour sulfur dioxide concentrations in excesa of 0.14 
parts per .illion are recorded (on 27 April 1976 and 13 July 1976) 
both at the Wheeler Bill Road Station. However, Central Budson 
reports that since 1 August 1976 when the sulfur content of fuel oil 
burned at the Dansu..er power plant has been reduced from 2.0 to 1.0 
percent by weight, compliance with the New York 24-hour standard for 
sulfur dioxide has been achieved. Measurements of total suspended 
particulate concentrations indicate that the state standards are 
being met. The Federal secondary standard has been exceeded on five 
separate occasions durina the reporting period. 
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IMPACfS ON BIOLOGICAL RESOURCES 

4.77 'Operation of eleC!tt'ic 'generating stations on the Hudson 
River estuary represent •• ':j'potenti.l 8ource' of i1Dpact. on the natural 
upland, wetlanel;' al'ld aquat'i<e eC'G .. y.~t .. s of' th~ region. Of greatest 
concern are theel'fects of the) rejection- of wlistie heat to the- river 
and the destruetlon of nan aquatic oE'gabis •• that are drawn 'through 
the power plant condellierlyste. in the cooling water (entrainment) 
or are killed on the screens used to strain the cooling watet flOW 
(impingement).' - . 

4.78 The Koloay of the' Hudson 'liver e.tuary bas been studied 
extensively over the pa8t,20 years. Kajor studies- have been spon
sored by several utility compabies, beginning in 19~8 with research 
sponsored by Consolidated Edison to evaluate the impacts of radio
isotopes releases by Indian Point Unit No. 1 on man and other biota. 

4.79 As a result of the controversy involving the Cornwall 
Project in the mid-1960s, Consolidated Edison sponsored the Hudson 
River Fisheries Investigation from 1965-1968 through the Hudson River 
Policy and Technical Committee, New York Department of Environmental 
Conservation. Other consultants were starting ecological studies 
when construction on Indian Point No. 2 was begun in 1968. Raytheon 

~
corporation carried out a series o~udies from 1968 through 1971. 

~/. • New York University' has ~carrY~out studies on entrainment ef-
• fects at the Indian Poiit Units 1 and 2 condensers as well as re

lating the effects of the cooling systems to population of aquatic 

~
ganiSmS in the river. Lawler. Hatusky and Skelly Engineers has 

__ .~ eveloped hydraulic thermal models as wett as models related to the 
~ ~ entrai~nt of striped bass eggR and larvae. 

~~~ !~80 Additional studies sponsored by utilities other than Con
~ ~ solidated Edison are being carried out on the Hudson River to assess 
;~ the impacts of entrainment and impingement and related matters. i> 
~ Further, New York State Department of Environmental Conservation, 1 ,~J.1 . 

through the U.S. Department of Commerce, has underway a 3-year ~ 
striped bass tagging program to determine the contribution of the 
Hudson River striped bass to the Mid-Atlantic fishery. An Inter-
Utility Coordinating Committee has been established to coordinate the 
efforts of several utilities conducting studies on the Hudson River. 

4.81 Several factors have greatly hindered the effort to as
sess adequately the cumulative impacts of power generation activities 
along the Hudson river estuary during the preparation of the draft 
environmental statement. Primary among these was the lack of adequ
ate synthesis of the considerable data that had been gathered. Too 
much important information was available only in annual data report 
form with little analysis for trends or insight into system structure 
and function that should emerge from multi-year data. Also, many 

? 
~f7J.;. , 
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~important data apparently were available but had not been worked up 
~ into a form useful for consideration in decision-making. Recent 

publications prepared for the Utilities have helped to alleviate this 
problem (Orange and Rockland, 1977; Central Hudson Gas and Electric, 
1977; Lawler, 1978). 

4.82 Contributing to the problem of data synthesis has been 
the fragmented research approach of considering individual power 
plants in isolation of each other. Only recently have some efforts 
been initi4ted to study the Hudson River estuary from a more holistic 
point of view (Multiplant Lmpact Study being conducted by Texas 
Instruments and the Hudson River Study being carried out by Lawler, 
Matusky, and Skelly), but these studies still have been oriented 
strongly toward striped bass alone. 

Upland Ecosystems 

4.83 Natural upland ecosystems are potentially altered or 
eliminated by construction and operation of power plants in the Hud
son River Valley. Operation of cooling towers would result in salt 
drift, introducing the possibility of vegetation damage occuring in 
the vicinity of the towers. 

Bowline Point Generating Station 

4.84 The Orange and Rockland property containing the Bowline 
generating station is 245 acres. Of this total, Bowline Pond is 53 
acres and 192 acres are uplands. Construction of the plant included 
the filling of about 60 acres of wetlands along Minisceongo Creek. 
The net effect of plant construction on the site bas been to displace 
all species except those capable of adapting to the mix of urban, 
suburban, and industrial land use typical of the site and the Haver
straw area. The power plant was connected to an existing transmis
sion corridor by using a 3.4-mi1e underground transmission line. 

4.85 Potential Salt Drift From Cooling Towers. If c1osed
cycle cooling is required at Bowline Point in the future, the poten
tial exists for damage to vegetation from salt drift produced by 
cooling towers during the months when river water used for make-up is 
saline. Although the term "salt drift" is a misnomer, it bas been 
used consistently for decades; the effect of brackish water droplets 
to plants is due principally to the chloride ion (Boyce, 1954). 

4.86 Several factors limit the ability to estimate the poten
tial for damage to vegetation from salt drift from cooling towers at 
Bowline Point. The acute effect of salt drift from cooling towers on 
vegetation has only recently become the subject of research. Only 
two studies reported in scientific journals or other publications 
have produced reliable data on the response of vegetation to salt 
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drift (McCune et al. L,197.l; Silberman and McCune, 1978). In these 
studies, only eleven species of trees and shrubs were tested, only 
one exposure interval (either 4 or 6 hours) was used for each 
species, and only seedlings and saplings of nursery stocks were 
exposed. The response of indigenous and mature plants may be differ
ent, and deposition rate response may not be directly proportional to 
length of exposure. Salt drift s aDd to f oweri and 
frui have not been studied No data are available for more than 

~ ~,. 200 plants in the Bowline Point area.' 

~ ? 4.87 Rates of salt drift deposition at Bowline Point were 
~- estimated for 1964-5, 1974, and 1978 at 0.1 mile intervals Co a dis

tance of 2.0 miles from the site of the proposed towers usi~1g a com
puter model (see Appendix E). 1964-5 was selected as representative 
of a drought year. Hourly meteorological data for 1974 and 1978 
(wind speed and direction at 200 or 350 feet, relative humidity, and 
temperature) and river salinities in conjunction with a cooling tower 
salinity concentration factor of 2.4 were inputs to the DOd~l 
(McLain, 1979). Since onsite meteorological data are not available 
for 1964-5, deposition rates for that period were calculated by mul
tiplying 1978 rates by 1964-5:1978 monthly salinity ratios (Table 
4-A) (salinity data were available for October-December 1964 and 
January -September 1965). Isopleths of 1964-5, 1974, and 1978 mean 
monthly deposition due to the Bowline Point facilities alone are pre
sented in Appendix E. 

4.88 Total salt deposition at Bowline Point' would also in-
clude drift from proposed towers at Indian Point and natural drift 
mostly from the Hudson River. Maximum, mean monthly, total solute 
deposition that would result within one mile of Bowline Point from 
the proposed Indian Point cooling towers (Table 4-~ was estimated 
using deposition estimates for 1977 (Environmental Systems Corpora
tion, 1978) in conjunction with 1964-5:1978 salinity ratios at 
Bowline Point. Maximum, mean monthly, natural total solute deposi
tion within one mile of the proposed Bowline Point towers (Table 4-~ 
was extrapolated from in-situ measurements by Mulchi et al. (1976) 
and salinity data in Mulc~t al. (1976) and Orange and Rockland 
Utilities, Inc. (1977). 

4.89 Maximum mean monthly total salt drift deposition rates 
at selected intervals from the site of the proposed towers at Bowline 
Point are given in Table 4-16(isopleths in Appendix E do not incor
porate the additional salt deposition from natural sources and from 
towers at Indian Point if they are constructed). Maximum total depo
sition rates were used to assess potential effects on vegetation. 

4.90 Acute No-Visible-Effect Levels for Plants. The Acute 
No-Visible-Effect Level (ANVEL) of salt deposition for each species 
tested by McCune et al. (1977) and Silberman and McCune (1978) is 
presented in Table 4-14 Flowering dogwood, white ash, and Canadian 
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TABLE 4-.15 

BOWLINE POINT MEAN MONTHLY 1964-5:1978 SALINITY RATIOS, 
MAXIMUM POTENTIAL DEPOSITION RATES CAUSED BY PROPOSED 

INDIAN POINT COOLING TOWERS, AND MAXIMUM NATURAL TOTAL 
SOLUTE DkPOSITION RATES 

MAXIMUM POTENTIAL 
TOTAL SOLUTES MAXIMUM AVERAGE 

1964-5: DEPOSITION FROM NATURAL TOTAL 
1978 PRoPOSED INDIAN SOLUTES 

SALINITY POINT TOWERSb DEPOSITIO~ 
MONTH RATIOS (kg/ha/IIO) (kg/ha/IIO) 

January 53.90 3.935 0.91 

February 0.36 0.026 0.91 

March 2.20 0.161 0.91 

April 1.00 0.073 0.91 

May 9.50 0.694 0.91 

June 4.82 0.352 0.91 

July 1.14 0.083 0.91 

August 1.34 0.098 0.91 

September 1.16 0.085 0.91 

October 3.04 0.222 0.91 

November 2.29 0.167 0.91 

December 1.47 0.107 0.91 

aSource: Dr. Howard McClain, oak Ridge National Laboratory, 
Personal COIIIIunication, December 1979. 

bSource: Estimated using Environmental Systems Corporation (1978) 
projection for 1977 and 1964-5:1978 SALINITY RATIOS AT 
Bowline Poine. 

CExtrapolated using in-situ measurements by Mulchi et ale (1976) 
and salinity data in Mulchi et ale (1976) and Orange and Rockland 
Utilities, Inc. (1977). 
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TABLE 4-16 

MAXIMUM, MEAN MONTHLY, TOTAL SALT .POSITION RATES 
(kg/ba/llo) FOR 19f;4-S, 1974, AND 1978 AT SELECTED INTERVALS 

(MILE) FROM THE PROPOSED BOWLINE POINT COOLING TOWERS 

19511-5 I§7~ 
0.2 0.3 0.9 0.2 

MONTH aile mile mile aile 

Jswary 47.9 30.4 8.0 6.4 

February 2.2 1.8 1.0 2.0 

Karch 4.8 3.5 1.3 1.7 

April 1.5 1.3 1.0 1.7 

Kay 9.1 5.0 2.1 2.1 

June 45.5 20.8 3.5 6.0 

July 46.5 20.8 6.0 1.5 

August 36.6 20.9 6.1 1.5 

September 55.0 28.5 8.2 4.2 

October 82.5 48.8 6.1 9.1 

November 134.8 77.2 10.1 1.9 

December 39.9 27.7 4.3 1.1 
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TABLE 4-17 

ACUTE XO-VISIBLE-EFFECT LEVELS (~\VEL1S) (kg/ha/ma) OF TOTAL 
. SOLUTES DEPOSITED OX XI~'"E DECIDrOT.:S AXD TIm EVERGREEX 

PLA."T SPECIES IX GREE~;}{OrSE AEROSOL EXPOSl"RE CHA!-1BERS 

SPECIES 

Tsuga canadensis 
Canadian Hemlock 

Fraxinus americana 
White Ash 

Cornus florida 
Flowering Dogwood 

Pinus strobus 
\o.'hite Pine 

Forsythia intercedia 
Forsythia 

Quercus prinus 
Chestnut Oak 

Robinia pseudo-acacia 
Black Locust 

Albizia julibrissin 
~11l!losa 

Acer rubru:::J. 
Red ~1aple 

Koelreutaria paniculata 
Golden Rain Tree 

Hal!laoelis virginiana 
1.:1 tch Hazel 

aSource: 
bSource: 

S11 beI":lan and ~'1cCune, 1978. 
~kCune et al., 197 i. 

kg TOTAL SOLllES/ 
HECTARE/!-10XTH 

<91.4b (Effective Dose 
which affected 50% of test 
organisms (ED50) • 183.0a ) 

91.4a ,b (ED50 • 254.0a ) 

<1828.8b 

1828.8b 

1828.8b 

1828.8b 

1828.8b 
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hemlock are from 20 to 200 times more sensitive than the other spe
cies tested. Original va~ue8 (microgr .. s Cl-/ca2/4 or 6 hours) 
have been converted to kg total solutes/ha/ao for convenience using 
composition values of Hudson River water at Indian Point (McCune et 
ale 1977). 

4.91 When using ANVIL's and mean monthly deposition rates to .. .. 
assess spec1es effect, 1t must be assumed that these rates are 
directly proportional to time and, therefore, directly proportional 
to each other. the corollary assumption is that the length of expo
sure is irrelevant to effect. These assumptions have not been con
firmed. 

-~ 

4.92 Vegetation in the Vicinity of Bowline Point. Since re-
liable data are available only for tree and shrub species, herbaceous 
vegetation was not studied during a two-day reconnaissance of the 
site. Trees within 0.3 aile of the proposed towers are found mostly 
on stream and ditch banks, along roadsides, and in parklands. Domi
nant trees are red maple (!cer rubrum), black locust (Robinia fseudo
acacia), tree-of heaven (A!I8Dthus altissima), weeping willow Salix 
babylonica}, gray birch (Betula populifolia, and sycamore (Platanus 
occidentalis). None of the other species listed in Table 4-C were 
observed. Remaining terrestrial habitats are occupied predominantly 
by herbaceous old field communities and reed (Phragmites australis) 
dominated marshes. 

4.93 the 0.3-0.9 mile interval is similar to the 0.0-0.3 mile 
segment with the addition mostly of residential plantings of ornamen~ 
tals such as flowering dogwood, white pine, forsythia, and mimosa 
(silk tree). Natural stands of Canadian hemlock do not occur within 
0.9 mile of the proposed tGwers. 

4.94 SQuth Mountain-High Tor State Park is located 0-.9 mile 
from the proposed towers. The 700 foot-high mountain is almost com
pletely forested and is generally characterized by mixed deciduous 
communities. Common canopy species include tulip poplar 
(Liriodendron tulipifera), black birch (Betula lenta), red maple 
sugar maple (A. saccharull), red oak ( ercus rubra), black oak (g. 
velutina), whTte ash (Fraxinus americana and hickories (cafya !R2.). 
Sub canopy dominants include flowering dogwood, witch hazel Hamamelis 
virginiana}, and striped maple (A. pennsylvanica). 

4.95 Potential Acute Impacts to Vegetation at 1974 and 1978 
Deposition Rates. None of the species tested would be visibly, 
acutely affected by 1974 or 1978 maximum, mean monthly, deposition 
rates as estimated by the computer model (see Appendix E). The 
highest 1974 rate (9.1 kg/ halma, Table 4-~ would have been 1.1 
kglhalmo less than the ANVEL of the most sensitive species, Canadian 
hemlock (Table 4-ln. Although the greatest 1978 rate, which would 
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have occurred within 0.2 mile of the proposed tower in Roveaber, 
exceeds the ANVEL of Canadian hemlock and possibly white ash, neither 
species was observed within a 0.3 mile radius during the site v1sit. 
Also white ash would not have leaves in Rovemher. The greatest rate 
in the growing season (44.2 kg/ha/mo) would have been less than 
one-half of the maximum possible ARVEL for white ash and one-fourth 
of the rate that injured 50 percent of test organisms. 

4.96 Potential Acute ~ acts to Ve etation at Drou ht Year 
Deposition Rates 1964-5. Of the species tested, only red maple and 
black locust were observed within 0.3 mile of the proposed tower. 
Reither would probably be visibly, acutely affected at the estimated 
1964-5 deposition rates since ARVEL's for these species' are 14.6 
times greater than the highest deposition rate that would have 
occurred at 0.2 mile. 

4.97 Canadian healock trees growing within 0.3-0.9 mile of 
the proposed towers could have been visibly affected in 1964-5. De
position rates during July through December exceeded the ARVEL for 
Canadian hemlock. . 

4.98 None of the eleven species tested would De ~ffected by 
1964-5 deposition rates beyond 0.9 miles. i.e., within the South 
Mountain-High Tor State Park forest. Four species are common in the 
canopy (red maple, white ash) and subcanopy layers (flowering dog
wood, witch hazel) of the State Park. However, the total number of 
species in the South Mountain-High Tor State Park area probably 
exceeds 200. The effect of salt drift on these species, excluding 
the four above, is unknown. 

4.99 Potential Chronic Salt Drift La acts to Ve etation. 
Chronic impacts of salt drift to vegetation are unknown Talbot 
1979). Patterson et ale (1977) have obtained data that suggest that 
Cl- and Na+ may bioaccumulate in leaves of dogwood, black locust, 
sassafras (Sassafras albidum) and scrub pine (Pinus virginiana). 
This finding may suggest that threshold levels could be attained or 
productivity reduced as a result of long-term salt drift exposure. 
The authors suggest that dogwood may be utilized as a good bioindi
cator of ion accumulation in plants. 

4.100 Potential Salt Drift Lapacts to Fauna. The direct phys-
iological effect of salt drift to vertebrates has not been studied 
but is generally considered to be negligible due to their capacity to 
regulate body salt (Talbot 1979). Effects to other animals have not 
been reported. If salt drift alters plant community structure or 
productivity. fauna would be affected indirectly by loss of food sup
ply or alteration of habitat. 
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Roseton Generating Station 

4.101 The Central Hudson Gas aDd Electric proper,ty containing 
the Roseton seneratina station is 133 acres, formerly the site of a 
brick works. Consttuction of the aoseton plant included completion 
of the fUling of a .. all pond that had been the site of fly ash 
dumping frOil the adjacent DaukaJder plant (F. Dooris, 1977). 
Because of the character of the previous use of the site, the net 
effect of plant cOnstruction aDd operation on the existing terres
trial ecosystems is small. 

4.102 Potential Salt Drift frOB Cooling Towers. If closed
cycle coolina is reqUired 'at tile tosetOn lenerailna station cla1l88e to 
vegetation from salt drift could result. Potential rates of salt 
drift deposition at Roseton were estimated for 1964-5, 1974, and 1978 
in the same manner as for Bowline Point with the exception Qf exclud
ing drift from Indian Point since these towers would not contribute 
to deposition at Roseton. Isopleths of mean monthly deposition due 
to the proposed Roseton towers are presented in Appendix E. Maxiaum, 
mean monthly, total salt drlft deposition rates (aoseton tower rates 
plus natural deposition) at selected intervals frOli the proposed 
towers are listed in Table 4-18. These rates were used in conjunc
tion with the acute no-visible-effect levels (ANVEL) to asses,s 
potential veget:at1on effects. 

4.103 ve~etation iit the Vicinity of Roseton. About 40 percent 
of the land'wit in 0.3 mile of the proposed towers is forested. MOst 
of the forest occurs on a 240 foot-high east-facing slope. Common 
canopy tre~s are red oak, b-lack oak, white oalt, striped _pIe, sugar 
maple, red maple, tree-of-heaven, butternut hickory, pignut hickory, 
black birch, white ash, tulij) poplar, aDd beech. Less than ten 
Canadian hemlocks were observed during the site reconnaissance. 
Flowering dogwood and witeh hazel are common in the subcanopy. 

4.104 More than 75 percent of the land between 0.3 and 0.6 
mile of the proposed tOWers is forested. Species cOliposition is 
similar to the east-facing slope described above with the exception 
of the northwest-facing slope adjacent to the Cedar Hill Cemetery. 
This slope possesses dense natural stands of Canadian hemlock; 
maples, black birch, and beech are also common. 

4.105 Less than half of the cemetery is located within 0.6 
mile of the proposed towers. Many ornmaentals such as dogwood, 
weeping willow, spruce, pine, and Canadian hemlock are _intained. 

4.106 About 16.5 acres of apple orchard occur 0.5-0.6 mile 
west of the proposed towers. The orchard extends well beyond the 0.6 
mile interval. 
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TA&IE 4-18 

MAXIMUM, MEAN MotmIty. tOTAL SALT 011'081TION IATES 
(kg/ha/mo) FOR 1964-S. 1974. AM» 1"8 AT SELECTED INTERVALS 

(MILE) FRoM THE PROPOSED ROSETON COOLING TOWERS 

·!~·IJ • l"~ 1"1 
0.2 0..4 0.2 0.2 

MONTH llile . aile Illle 1I11e aile 

January 3.9 2.9 2.2 1.8 1.8 

February 2.3 1.7 1.3 1.9 2.3 

March 1.9 1.5 1.2 1.6 1.9 

April 1.5 1.2 1.1 1.6 1.5 

May 1.6 1.2 1.1 1.5 1.6 

June 9.6 10.2 5.8 1.8 2.0 

July 29.3 13.4 7.5 1.8 14.6 

August 19.7 9.1 5.4 1.8 4.0 

September 11.0 5.4 3.4 1.8 3.0 

October 27.4 15.8 9.5 2.0 1.8 

November 23.4 14.3 8.9 1.8 1.8 

December 3.1 2.3 1.7 1.8 1.8 
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4.107 Potential Acute 1m acts to Ve etation at 1974 and 1978 
Deposition Rates. rive 0 t e ,e even:apec ea teate or sa t r t 
effects (red maple, white ash, Canadian healoek, dopoocl and witch 
hazel) occur Within 0'.2" :atlea of the propoae4 tOWlilra bot would not 
have been acutely. vi.1blyaffected in 1974 or 1978 (Tables 4-17 and 
4-18). 

4.108 Potential Acute I 
De osition Rate. • e ANVEL of Ca ian oek would have 
bee'n exceed' only to a'-.taDce of le8s tban 0.4' mii. in 196'4-5 
(Table 4-17 and 4-18).rewer than 10 solita~y he-locka were observed 
les. than 0.4 ,mile of tlae propose. to_rsi.urina the a.tte reconnai8-
sance. The natural" staDcls ot"hemlockadjaeent to the cemetery would 
not have been affected aince thlty are 0.4 mile frOlithe proposed 
towers. Red maple, white, ash, dogwood, and witch hazel would not 
have been vi8ibly, acutely aftected at any interval. ARVEL's for the 
remainina 200 or more indigenous species are not known. The poten
tial impact of salt drift to the orchard i. not knoVD since apple 
trees have not been tested for the effects of ealt drift. Similarly, 
the possible aalt drift effect to almost all ornamental species in 
the cemetery cannot be projected. 

4.109 Potential Chronic Salt Drift Impacts to Vegetation and 
Fauna. As described ia previously, chronic effects of salt drift to 
vegetation are unknown. Direct effects on vertebrates are unlikely 
due to their oamoregulatory capacity. Direct impacts on other 
animals are not known. Indirect effects due to changes in habitat 
are possible. 

Cumulative Impact of All Generating Stations 

4.110 Presently existing power plants along the Hudson River 

~~
CCUpy about 1500 acres of land. Proposed facilities would probably 

• equire about an additional 1500 acres. The impact of these faci1i-

~
- ties on upiarid ecosysfeal w111 viry from site to site depending on 

previous use and condition of the land. In gener,al, the changes that 
would occur are most likely to be similar to those described above 
for Bowline and Roseton. The overall land area devoted to power 
plants would be a small percentage of the total land area of the 
Hudson River Valley. 

Wetland Ecosystems 

4.111 Construction of power plants along the shores of the 
Hudson River estuary could potentially affect wetland ecosystems by 
filling for use in the construction of necessary facilities and by 
modification of upland runoff patterns., 
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4.112 Construction of the Bowline Point Generating Station 1" -
resulted in the loss to filling of about 60 acres of wetlands along ~ ~ 
Minisceongo Creek. The creek channel was a180 relocated to empty ~ 
directly into the Hudson River at a point adjacent to the fuel 
storage area, diverting it from the Gassy Point Mars,h to the North 
(see Figure 1-3). The wetland ca.munity covered with fill has been 
completely lost. The effect of the creek diversion on Grassy Point 
Marsh is unknown, but some aoderate alteration is likely to have 
occurred because of the changed water relationships. 

Roseton Generating St.tion 

4.113 Construction of the Roseton station did not alter 
wetlands in the area (F.Dooris, 1977). 

Cumulative I.pact of All Generating Stations 

4.115 The area of wetlands involved in construction of the 
older 59th Street, Lovett, Danskammer, and Albany stations is un
known. Wetlands eliminated at Bowline and Roseton totalled about 60 
acres. No wetlands were involved at Indian Point. Required compli
ance with New York State wetland protection legislation, Section 404 
of the Federal Water Pollution Control Act Amendments of 1972, and 
Section 10 of the River and Harbor Act of 1899 should minimize 
effects of future power facilities on wetlands along the Hudson 
River. 

Aquatic Ecosystems 

4.115 The aquatic ecosystem of the Hudson River estuary can be 
affected by power plant operation through discharges of heated water 
and by entrainment and impingement of organisms. Chemical contami
nants discharged from the power plants are not expected to have 
detrimental effects on aquatic ecosystems. Extensive field measure
ments have been made by the utilities to determine the effects of 
presently operating stations and to provide a baseline for predicting 
the impacts of future power plants to be operated on the river. Much 
of this effort has focused on the striped bass because of its recrea
tional and commercial importance in the region. Simulation models 
have been developed to help predict the long term effect on this 
population. ' 

Impacts of Bowline Point Generating Station 

4.116 Data are available for the years 1971 through 1977 for 
assessing the impact of the Bowline Units 1 and 2 on the aquatic 
ecosystem of the Hudson estuary in the vicinity of Bowline Point. 
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. ~ The data include the effects of the operation of Unit 1 since 1972 
~. and Unit 2 since 1974. The following discussion draws on data given 

~~~~' . 'n L~ler, Matusky, and Skelly (1974, 1975a, 1976a, 1978), Ecological 
~~ Analysts (1976a), and Orange and Rockland (1977). 

},It. 4.117 Phytoplanktoa. The applicant has aueseed entrain.nt 
f and thet'llllli discharge effects on phytoplankton by comparing abund-

ance, species compOlition, and the rate of primary production in the 
intake area of BOWline Poad and in the discharge area in the 8djacent 
river (Lawler, Matusky, and Skelly, 1975b, 1976a, 1978; Orange and 
Rockland, 1977). No significant differencel were found in mean 
abundance between the intake vicinity and the discharge areal. 
Diatom abundance significantly was different, but abundance patterns 
were different from year to year (diatoms more abundant at discharge 
than intake in 1973 and 1975 with the reverse being found in 1974), 
suggesting that these differences may have been due more to different 
evironmental condition. in the river and Bowline Pond than to the 
effects of entraia.nt. Considerable seasonal variation has been 
observed in phytoplankton abundance, but no long tenD trend has been 
found to correlate witb plant operation in the Bowline area. 

4.118 No gro •• effects on primary productivity were found based 
on intake-discharge coaparisonl (Orange and Rockland, 1977). Reduc
tions in primary productivity appeared to range from 10 to 20 
percent but these apparent differences may have resulted from intake 
sampling techniques. 

4.119 Prelently available data do not indicate any significant 
impact of the po1ter plant on· phytoplankton in thi! Bowline vicinity. 
The ab$ence of any long term trends over the years in phytoplankton 
abundance suggests a lack of plant-induced changes in the Bowline 
Point vicinity. Short generation times of phytoplankton and rapid 
recycling of nutrients contained in any algal cells killed by en
trainment may tend to minimize any effects. 

4.120 Zooplankton. Studies on the distribution and abundance 
of microzooplankton during the years 1972-1977 have shown no spatial 
or temporal distribution patterns which suggest significant effects 
of power plant entrainment at ·the population or community levels 
(Orange and Rockland, 1977; Lawler, Matusky and Skelly 1978). 
Entrainment survival studie. showed that microzooplankton generally 
sustained entrainmeat mortalities averaging 4 to 17 percent in 1975 
and 1976 (See Table 4-19 for sample data). Microzooplankton entrain
ment mortality was independent of temperatures below 37 C, the high
est temperature examined. Laboratory investigations of thenDal 
tolerance in major microzooplankton species indicates that substan
tial entrainment mortality should occur only under full-load and/or 
reduced pump-flow conditions, except for the most thermally sensitive 
species. 
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TABLE 4-19 

ENTRAINMENT K>RTALITY OF ZOOPLANKTON (PERCENT) AT BOWLINE GENERATING 
STATION. NUMBERS ARE DIFFERENCES IN INITIAL SURVIVAL BETWEEN 
INTAKE AND DISCHARGE SAMPLES. 

SPECIES 
July 29 -

August 5, 1975 
Temp. 28C 

TOTAL MICROZooPLANKTON 
Keratella cochlearis 

, Coperodmauplii 
Eurytemora affinis 
Acartia tonsa 

t Halicyclops fosteri 
~ Bosmina longirostus 

TOTAL MACRO ZOOPLANKTON 
Monoculodes edwardsi 
Gammarus daiberi 
Edotea triloba 
Neomysis americana 
Chaoborus punctipennis 

6T 8C 

21 

19 
25 

12 
27 

*No organisms of this species collected. 

September 29 -
October 1, 1975 

Temp. 20C 
6T 7C 

* 

15 

December 16 -
December 17, 1975 

Temp. 6C 
6T 6C 

21 

29 
39 

39 

-No significant difference found between intake and discharge survival. 

Source: Ecological Analysts, 1976a. 

( 

SUMMARY. 
FOR.: 1975 

12 

22 



4.121 Studies of the distribution and abundance of macrozoo
plankton conducted from 1972 to 1977 have demonstrated no significant 
effects of power plant entrainment at the population or community 
level (Orange and Rockland, 1977; Lawler, M.tusky, and Skelly, 1978). 
Entrainment survival studies showed that macrozoopla~ton tend to be 
less susceptable to entrainment mortality than microzooplankton, and 
averaged less than 5 percent mortality (see Table 4-19 for sample 
data). However, the .ysid Neo!!sis americana sustained substantial 
mortality at discharge temperatures in excess of 32 C. Latent morta
lities of macrozooplankton were insignificant at discharge tempera
tures below about 25 C, but increased with discharge temperatures 
from 25 to 35 C. Thermal tolerance laboratory inve.tigationa 
predicted that effects of thermal stress would be nealigible under 
most conditions for most species entrained. However, Neamysis 
americana is predicted to sustain substantial or total mortality 
under most daytime operational modes during the summer months. 
During reduced-load nighttime operation (when involvement is maximum) 
no entrainment mortality is expected. 

4~122 Benthic Animals. Benthic communities noraally exhibit 
considerable temporal and spatial variation in abundance and species 
composition. Studies of benthic communities in the Bowline Point 
area from 1972 to 1976 indicated no significant effects on the 
benthos that could be directly attributed to power plant generation. 
No effects on the benthic community in the Bowline vicinity 
attributable to the thermal plume are evident from the available. 
data. Observed differences among sample stations were more likely to 
be due to other environmental and physical factors, such as salinity 
changes, season of the year, and depth. Plume surveys and bottom 
temperatures taken when benthic samples were gathered indicate that 
the thermal discharge rises to the river surface. Where bottom 
communities in the discharge vicinity experience any temperature 
increase at all, it is apparently only 1 to 3 F. Such a small 
temperature difference is unlikely to affect benthic animals directly 
to any significant extent. 

4.123 Other factors that may affect the benthic community 
include scouring of the bottom near the intakes and the discharge 
ports and loss of planktonic larvae by entrainment mortality. 
Planktonie larvae of the dipteran Chaoborus punctipennis are the only 
benthic organisms for which entrainment data are available. No 
entrainment mortality was statistically discernible. Other species 
are not likely to be seriously affected. 

4.124 Entrainment of Fish E,IS, LaIvae. agd Juveniles. The 
abundance of fish egis and larvae 1S generally greater in the Hudson 
River proper than,in BOWline Pond, where the cooling water intake for 
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the Bowline Point Plant is located. Entrainment sampling has been 
carried out using collecting devices at the plant intake and 
discharle to estimate the types and numbers of organisms. carried 
through the plant. Pish eggs, larvae, and juveniles small enough to 
pass through the traveling intake screen (0.95 em or 3/8 inch) are 
entrained with the cooling water passing through the condenser and 
then are discharged back into the Hudson River (see Pigures 1-2, 1-7, 
and 1-8). The primary factors that may cause adverse effects to 
entrained organisms are mechanical and thermal shock. The quantity 
of organisms entrained changes with seasonal variation in the 
abundances of fish egis and larvae occurring in surrounding waters. 

4.125 In addition to the quantity of organisms entrained, the 
rates of u.mediate and latent entrainment mortality must be consid
ered in assessing the significance of entrainment. Sublethal effects 
of passage through the power plant may also be important but are not 
well known. The ~diate effects of entrainment are assessed 
through the observation of organisms collected from the plant dis
charge. Because plant conditions vary depending on operational load, 
season, and equipment used, entrainment mortality varies throulh 
time. To assess the long range effects of power plant entrainment, 
the loss due to entrainment must be compared to species standing 
stocks. 

4.126 It is difficult to measure accurately the numbers of 
eggs, larvae, and juveniles entrained by a power plant. When nets 
are used to sample entrained organisms, the major sampling problems 
include net avoidance, clolging of nets, extrusion of eggs and lar
vae, and inaccurate measurement of the water volume sampled. Samp
ling with a pump and larval table alleviates some of the problems 
associated with net sampling but pumps may damage larger juveniles 
and fragile yolk-sac larvae. Ecological Analysts (1976, 1977) have 
documented the sampling differences that occur between the pump
larval table method and net systems. At the Bowline Point Plant, 
entrainment rates have generally been estu.ated using net samplers, 
while entrainment survival was studied using the pump-larval table 
method. In an assessment of ichthyoplankton sampling programs used 
at Hudson River power plants, Carpenter (undated), an Environmental 
Protection Agency consultant, concluded that the Bowline sampling 
methods would tend to underestimate entrainment of fish eggs, larvae, 
and juveniles. The magnitude of the bias was not estimated, however. 

4.127 The following discussion is based largely on studies 
conducted during 1977. These results are generally also representa
tive of data collected during 1973-1976 (Orange and Rockland. 1977). 
Larvae of the bay anchovy were dominant among entrained fish at the 
Bowline Point Power Plant in 1977, accounting for nearly 70 percent 
of the total (lee Table 4-20). Atlantic tomcod, striped bass, and 

4-59 



• 

"'. ,. 

TABLE 4 .. 20 

l~~OPLANKTON COLLECTED DURINC ABUNDANCE SAMPLINC 
AT. THE BOWLINE POINT PLANT DISCHARCE DURINC 1977 

LIFE RUMlER PERCENT 
SPECIES STAGE COLLECTED COMPOSITION 

Bay anchovy Larvae "13.375 69.B 
Atlantic tOlM:ocl Yolk-aac larvae 2.366 12.3 
Stripecl baas Larvae 763 4.0 
Unidentif iecla Larvae 485 2.5 
White perch EI8 405 2.1 
Bay anchovy Juvenile 258 1.3 
C1upeids· Larvae 248 1.3 
White perch Larvae 227 1.2 
Horone app. Larvae 214 1.1 
Silveraid .. Larvae 145 O.B 
Striped baas Juvenile 135 0.7 
Hogchoker Larvae lOB 0.6 
Atlantic tollCod Larvae 70 0.4 
Clupeids Ega 69 0.4 

" Aaerican eel Junenile S2 0.3 
Striped baas Yolk-sac larvae 33 0.2 
Bay anchovy Igg 30 0.2 
Rainbow s .. lt. Larvae 22 0.1 
Sunfiah Larvae 20 0.1 
White perch Juvenile 19 0.1 
Northern pipefiah Juvenile 16 0.1 
Atlantic silverside Larvae 14 0.1 
Atlantic to~od Juvenile 10 0.1 
Unidentified EI8 9 0.0 
Rainbow smelt Juvenile B 0.0 
Clupeids Juvenile 7 0.0 
Whlte perch Yolk-aac larvae 7 0.0 
Teaaellated darter Yolk-sac larvae 7 0.0 
Minnowa Larvae 6 0.0 
American shad Larvae 4 0.0 

:~:::~~ieda Juvenile 4 0.0 
Juvenile 4 0.0 

Killifish Larvae 4 0.0 
Killifish Juvenile 3- 0.0 
Clupeids Yolk-aac larvae 3 0.0 
Hogchoker Yolk-aac larvae l 0.0 
Weakfish Juvenile 2 0.0 
Silveraid .. Juvenile 1 0.0 
Striped baaa Egg 1 0.0 
Winter flounder Larvae 1 0.0 
Yellow perch Yolk-sac larvae 1 0.0 
Unidentified Igg 1 0.0 
Atlantic t01l\Cod Egg 1 0.0 
Walleye Larvae 1 0.0 
Weakfish Larvae 1 0.0 
Cyprinids Yolk-sac larvae 1 0.0 
Unidentified Yolk-aac larvae 1 0.0 

alndicates that oraani ... were damaged. S4 percent of the damaged larvae occurred 
during the period of peak bay anchovy abundance (after 6 July). Abundance of species 
other than bay anchovy in aamples collected during this period was very low. Other 
damaged o~Bania .. were collected throughout the sampling period when atriped bass, 
white perch. clupeida. and bay anchovy were abundant. 

Source: Ecological· Analyst. 1978a. 
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white perch were also entrained in relatively large numbers, in total 
accounting for another 18% of entrained fish. As a result of the 
time of spawning for these species, the tomcod was primarily 
entrained during the month of March, while striped bass, white perch, 
and bay anchovies were entrained during June and July (see Figure 
4-3) • 

4.128 Entrainment mortality at the Bowline Power Plant has 
been estimated through comparison of survival rates in fish collected 
at the plant intake and discharge. Intake survival has been used as 
a control because organisms collected at the intake had not been 
entrained but had been subjected to sampling and handling stress. 
The entrainment survival percentages (proportion surviving at intake 
divided by proportion surviving at discharge times 100) for dominant 
entrained fish species in 1977 are presented in Table 4-2'1. Although 
the following discussion is based largely on 1977 data, studies 
carried out in 1975-1976 show the same general results (Orange and 
Rockland, 1977). 

4.129 Initial entrainment survival for striped bass, white 
perch, and clupeids is generally greater than 50 percent for dis
charge temperatures below 30 C. At higher temperatures, entrainment 
survival is generally low. The yolk-sac larvae of the Atlantic 
tomcod consistently showed high initial survival (84 to 85 percent). 
Entrainment survival in the bay anchovy is difficult to assess be
cause this species is apparently sensitive to handling and shows very 
high mortality even in intake samples (Orange and Rockland, 1977). 
In most species studied, entrainment mortality appears to be related 
primarily to thermal stress (Ecological Analysts, 1978b) and, there 
fore, is dependent on the operational conditions of the plant. 
Latent entrainment survival measured after 96 hours is less than 
initial survival, but this is difficult to assess because substantial 
mortality occurs in control (intake) as well as discharge samples 
that are held to estimate latent mortality. 

4.130 Utilities and their consultants have calculated esti
mates of entrainment-related loss of fish eggs, juveniles, and larvae 
based on species standing crops, rates of entrainment, and survival 
ratios. These estimates are expressed as the number of larvae killed 
by entrainment in a given year divided by the standing crop of the 
larvae between River Mile 30 and River Mile 50. Losses for the 
following species have been estimated: 
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TABLE 4-21 

ENTRAINMENT SURVIVAL OF ICHTHYOPLANKTON AT THE BOWLINE POINT PLANT DURING 1977 

SPECIES YOLK-SAC LARVAE POST-YOLK SAC LARVAE 
TEMPERATURE PERCENT 

JUVENILES 
TEMPERATURE PERCENT TEMPERATURE PERCENT 

(C) SURVIVAL (C) SURVIVAL (C) SURVIVAL 

Striped bass 20.0-29.9 20.0-29.9 97 (NS) 20.0-29.9 90 (NS) 
30.0-32.9 30.0-32.9 100 (NS) 30.0-32.9 90 (NS) 
33.0-35.9 33.0-35.9 41 33.0-35.9 43 

White perch 20.0-29.9 20.0-29.9 62 20.0-29.9 
30.0-32.9 30.0-32.9 16 30.0-32.9 
33.0-35.9 33.0-35.9 48 33.0-35.9 

~ Clupeids 20.0-29.9 20.0-29.9 51 (NS) 20.0-29.9 I 
0\ 30.0-32.9 30.0-32.9 30.0-32.9 ~ 

33.0-35.9 33.0-35.9 33.0-35.9 

Bay anchovy 20.0-29.9 NE 20.0-29.9 NE 20.0-29.9 
30.0-32.9 NE 30.0-32.9 NE 30.0-32.9 
33.0-35.9 NE 33.0-35.9 NE 33.0-35.9 

Atlantic 5.5-13.9 84 5.5-13.9 5.5-13.9 
tomcod 14.0-17.9 85 (NS) 14.0-17.9 14.0-17.9 

Note: Dashes indicate less than five organisms collected at the intake or discharge. 
(NE) indicates that no estimate of entrainment survival was made. 
(NS) indicates survival at the discharge not significantly lower than that at 

the intake for a one-tailed z-test at the a- 0.05 level. 



PERCENT LOSS TO STANDING 
CROP nOM ERTRAIRHENT.!. 

SPECIES 1974 1975 

White Perch 0.37 
Striped Bass 2.SS 
Alosa s • (herrin ) 0.03 
aStanding crop between liver Mlle 

1.61 
2.9S 
0.09 

30 and 

soneE 

Orange and Rockland (1977) 
McFadden (1977) 

(1977) 

- Quantitative estimates have not been made for other species affected 
such as the bay anchovy and Atlantic tomcod. 

4.131 Fish I.pinsement. The Bowline Point Station intake 
structure is divided into six bays, three for each o,f the two gener
ating units (see Chapter 1). A traveling screen and screeowash pump 
system is used in each bay for cleaning the screen with a spray of 
water. The traveling screens are constructed of 0.95cm (3/8 inch) 
mesh to prevent laraer fish or debris from passing through the plant 
with the cooling water. Materials retained on the screen are removed 
by the spray of water and discharged on the northeast side of the 
intake. When fmpingement sampling is carried out, fisb retained on 
the screen are sorted from the debris and collected for study. A 
sampling program for impinged fish was initiated in December 1972 and 
has continued at a minimum of once a month. to the present. Since 
1974, impingement sampling has been performed at least once per week, 
and data are now available for samples taken through December 1977. 

4.132 A total of about 60 fish species have been impinged at 
Bowline Point. Based on the five years of data presented in Table 
4- 22, impingement was dominated by white perch (60.5 percent 
average), with striped bass (8.4 percent average), blueback herring 
(7.0 percent average), rainbow smelt (6.0 percent average) alewife 
(5.4 percent average), and Atlantic tomcod (3.5 percent average) also 
impinged in substantial numbers. Weakfish, bluefish, and bay anchovy 
may also be impinged in years when salt intrusion causes river 
conditions in the vicinity of the plant to favor these marine 
species. 

4.133 Estimates of total numbers of fish impinged for selected 
species are presented in Table 4-23. As shown in the table, impinge
ment varies considerably from year to year. Because of the seasonal 
nature of impingement for most species (see Figures 4-4 and 4-5), the 
annual impingement total is sensitive to the relative magnitudes of 
flow rate and impingement rate at any point in time. Prior to 1974, 
only one unit was in operation at Bowline Point, therefore 
impingement was lower in 1973. No long term trends in numbers of 
fish impinged are evident. 
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1973-

RANK SPECIES 
PERCElrI

b OF TOTAL 

1 White Perch 45.9 

2 Alewife 13.3 

3 Blueback herring 10.8 

4 Atlantic tOlllcod 7.5 

5 Weakfish 7.2 

6 Striped bass 4.4 

7 Bay anchovy 2.7 

8 Hogchoker 2.1 

9 Bluefish 1.9 

10 White catfish 0.7 

Ten Nost Abundant Species 
(percent of total) 

aOn1y one unit operating 
b Percent by numbers 

96.5 

( 

TABLE 4-22 

RELATIVE RANKING OF fiSH SPECIES BY h"UMBERS IMPINGED AT B(M.lNE POINT 
GENERATING STATION FOR 1913 THROUGH 1976 

1914 1975 1976 
PERCEh'T

b 
l'ERCENT PERC5T 

SPECIES OF TOTAL SPECIES OF TOTALb SPECIES OF 1'01'Atb 

White perch 57.2 White perch 64.6 White perch 84.7 

Striped bass 13.2 Rainbow smelt 13.9 Striped bass 6.7 

Blueback herring 10.1 Striped bass 11.5 Rainbow smelt 3.6 

Alewife 5.9 Blueback herring 3.0 Blueback herring 0.9 

Atlantic tOlllCod 3.8 Atlantic tomcod 1.7 Gizzard shad 0.7 

Hogchoker 2.6 Alewife 1.2 Atlantic tomcod 0.5 

Rainbow 8IDe1t 1.9 Gizzard shad 1.0 Alewife 0.5 

American shad 1.2 Bluefish 0.8 Tessellated darter 0.4 

Bluefish 1.0 Hogchoker 0.5 Hogchoker 0.4 

Bay anchovy 1.0 Bay anchovy 0.4 Bay anchovy -1:L 

97.1 98.5 98.7 

Source: Orange and Rockland. 1977; Lawler. Matusky. and Skelley. 1978. 

( 

1977 

SPECIES 
PERCEN'l'b 

OF TOTAL 

White perch 50.3 

Rainbow smelt 10.8 

Blueback herring 10.0 

Gizzard sbad 7.3 

Striped bass 6.4 

Alewife 6.0 

Atlantic .tomcocl 4.2 

Hogchoker 1.2 

Bay anchovy 1.0 

White catfish .Jt:.L 

97.7 . 
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SPECIES 

White Perch 

Striped Ba •• 

Atlantic Tomcod 

Alewife 

Blueback Herriag 

TOTAL 

Table 4-23 

ESTIMATES OF TOTAL IMPINGEMENT AT BOWLINE POINT 
FOR SELECTED SPECIES OF FISH DURING 1977 

TOTAL FISH IMPIIGED 

1973a 1974 1975 1976 

99,659 356,939 391,147 275,670 

8,837 82,205 82,059 25.670 

12,584 15,612 16,179 4,561 

19,975 22,323 8,468 5,550 

18,797 44,969 25,564 5,460 

159,852 522,048 523,417 316,911 

aonly unit one operating. 

SOURCE: Orange and Rockland, 1977; Lawler, Matusky & Skelly, 1978. 

( 

1977 AVERAGE 

149,628 254,609+ 

19,072 43.568+ 

12,778 12,343,! 

Data 
Not 14,079+ 

Available 

Data 
Not 23,698+ 

Available 

Dat. 
Not 380,557 

Available 

( 



FIGURE 4~ 
SEASONAL OCCURRENCE OF VARIOUS SPECIES 

IN IMPINGEMENT SAMPLES AT THE BOWLINE GENERATING STATION 
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FIGURE4-5 
SEASONAL VARIATION IN RATE OF FISH IMPINGEMENT 
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4.134 In general, young of the year and yearlings tend to 
dominate impinged assemblages. Many species show increased impinge
ment rates at night. Impinged fish do Rot seem to represent the less 
fit or weaker individuals in a population (Orange and Rockland, 
1977). After ~pingeaent on the traveling screen and discharge near 
the intake, the probability for re-impingement of an individual fish 
has been est~ated at 15 to 65 percent, reduced to 10 percent after 
24 hours (Orange and Rockland, 1977). 

4.135 Impingement survival studies were conducted at the 
Bowline Point Generating Station in 1974 through 1977 (Orange and 
Rockland, 1977). Initial and latent (48 to 156 hours) survival were 
examined to determine the overall effects of the impingement process 
on affected individuals. Impingement survival at Bowline Point 
varies with the species of fish and the screenwashing frequency. 
For example, high initial survival of striped bass (95 percent), 
white perch (84-97 percent), and Atlantic tomcOd (100 percent) was 
observed during 1976-1977 under continuous screenwash conditions (see 
Table 4-24). Survival for intermittent screenwash was lower than 
that for continuous screenwash, and survival of clupeids was lower 
than that of other species (66 percent for continuous screenwashing; 
25 percent for intermittent screenwashing). None of the test 
clupeids survived the latent holding period. It has been difficult to 
assess latent impingement mortality because high latent mortality was 
observed in control organisms (Orange and Rockland, 1977). 

4.136 The impact of fish impingement at the Bowline Point 
Plant can be partially assessed by comparing the number of fish lost 
through impingement to the number of fish in the source population. 
The fraction lost through impingement can be calculated by dividing 
the number impinged by the population standing crop between River 
Mile 30 and River Mile 50. To provide a conservative estimate of 
impingement effects, 100 percent mortality among impinged fish has 
been assumed. Several sampling problems are involved, and a number 
of assumptions must be made in estimating total numbers of fish 
impinged and the popUlation standing crop. The procedures that have 
been followed are summarized by Orange'nd Rockland (1977) and 
evaluated in Barnthouse and Van Winkle (979) and Van Winkle and 
Barnthouse (1979). Under the assumptions used by Orange and 
Rockland, the population loss due to impingement of four selected 
species ranged from 0.001 percent (bay anchovy) to 1.2 percent (white 
perch) in 1975 and 1976 (see Table 4-25). 

4.137 Several factors have been identified that influence 
impingement estimates at the Bowline Point Plant (Barnthouse, 1979). 
One of these is the use of flow rates in the extrapolation of weekly 
or twice-weekly samples to estimates of total impingement. This 
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TABLE 4-26 

IMPIIIGDIIR'l' SURYIVAL AT BONLIRI POINT 
Foa SBLBCTBD PISB SPBCIES DURING 1976-1977 

RUMBBlt , lDCU't SURVIVAL 
OF nn INITIAL 96-dOUB. 

DATE SPECIES (1976) 
Jan-Apr (a) White perch 314 91 23 

Striped bass 45 93 11 

Nov-Dec White percha 5,870 97 55 
White percbb 2,620 88 25 
White perch: 302 100 23 
White perch 664 92 19 
White perCh: 1,575 94 9 
White perch 134 14 
Atlantic 

tOllCoda,b 58 100 100 
Striped bass: 418 95 58 
Striped bas. 269 92 21 
Striped bassc 35 100 20 
Striped bassd 32 100 34 
Striped basse 172 96 13 
Clupeida 137 66 0 
Clupeidb SO 25 0 

(1977) 

Jan-Feb White percha 1,946 84 26 
White perchd 173 99 25 
White perchb 53 74 14 

&collection pit ..-pIes under continuous screeawash mode. 
bCollecti~ pit samples under intermittent screenwash mode. 
Ccontro1 samples from i1lpina_nt collection pit. 
dDiacharge pipe samples under continuous acreenwash mode 
8Discharge pipe samples under intermittent screenwash mode 
fCpntrol sample. from impingement sluiceway discharge pipe. 

Source: Orange and Rockland, 1977. 
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TABLE 4-25 

MONTHS OF GREATEST AND LEAST IMPINGEMENT 
OF STRIPED BASS AT POWER PLANTS ON THE HUDSON RIVER 

MONTHS OF GREATEST MONTHS OF LEAST 
IMPINGEMENT IMPINGEMENT 

POWER PLANT 1973 1974 1975 1973 1974 1975 

Bowline Point 1,2,4,12 1-3 1,3,4,12 6,8,-10 6-9 6,8-11 

~ Lovett 4,8,11,12 1,2,4 1-4 1,5,7,10 5,7-9 5,7,8,10 
I ..... ... Indian Point 1 1,3,4,12 6-9 

Indian Point 2 1,3,4,12 1-3.5 2-4,7,8 5,7,9,10 6,7,9,10 3,5,6,11 

Roseton 5,6,10,11 1-4 

Dan s kalJImer 9-12 6-9 1-4 1-3,5 
1 and 2 

Danska.Daner 9-12 6-9 1,3-5 2-4,11 
3 and 4 

Albany 6-9 1-3,12 

Source: Barnthouse et al., 1977. 



procedure il baled on the a.su.ption that impingement is directly 
proportional to the volu .. of water entering the plant. Although 
this assumption aay not be totally valid, it is not expected to 
introduce a .y.teaatic error or bias into the results. However, 
Barnthouse (1979) hal identified the following four biasel Which may 
potentially affect i~iDle .. nt estimate.: 

• Collection Bfficiency -- Hot all impinge~ fi.h are actually 
collected and counted duringlcreeawa.h monitoring. Thil 
cau.es impingement estimates to be lower than the number of 
fish actually i_pinged. 

• Reimpinl!!!nt -- Depending on the relative location of 
impinged fi.h return and water intakel, fish .. y be impinged 
more than once. Thil bias would tend to overeltimate the 
occurrence of bapingement. 

• I.pinleaent on Inoperative Screens -- When a screen is inop
erative and cannot be rotated and washed, it continuel to 
impinge fish. A screen that is inoperative for one to five 
days .. y i_pinge about 11 percent as many fish as would a 
normally operating screen during that period. Such . 
breakdowns occurred "on many occaslions from 1974 through 
1976" at Bowline (Barnthouse, 1979) and would cause an 
underestimate of i~ingement. 

• IapiDJement Survival -- Hot all iapinged fi.h are kilied. 
For SORe species (notably Atlantic tomcod), a substantial 
proportion of i.pinged filh appear to survive. The assump
tion that all impinged fish are killed would tend to inflate 
estimates of impingement impact. 

In an assessment of these biases at the Bowline Point Plant, 
Barnthouse (1979) concluded that no adjustment factors in excess of 
20 percent would be required for existing impingement estwtes for 
clupeids and Morone spp. (Oranse and Rockland, 1977), but in the case 
of Atlantic to.cod the utility consultant appears to have overestima
ted the impact of impingement during the September to April period by 
a factor of 1.7. 

4.138 Studies to evaluate the effectivene.s of using 
additional barriers at the intakel were initiated at Bowline Point in 
April 1976. During the studies, stationary nets were placed in front 
of the intakes and located in a water velocity field Where currents 
were weak enough to allow fish to move along the net or out of the 
area to avoid imping ... nt. Preliminary baseline studies comparing 
the two Bowline Point unit. showed that, under no~l operating 
conditions (no nets), Unit 1 . impinged only 29 percent as many white 
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perch and 38 percent as many striped bass as Unit 2 (Table 4-26). 
However, when the net was installed across the intake of Unit 2, 
impingement was reduced to the extent that Unit 2 impinged fewer fish 
than Unit 1. Comparison of 0.95 cm and 1.27 cm nets indicates that 
the smaller net is more effective at reducing impingement. 

4.139 Closed Cycle Cooling in 1981. With the installation of 
closed cycle cooling at Bowline in 1981, the intake of Hud~on River 
water will be reduced by 98 percent from the 784,000 gpm required for 
service and once-throuSh cooling water to 16,~00 gpm required for 
make-up and service water. Entrainment of phytoplankton zooplankton; 
and fish eggs, larvae, and juveniles will be reduced proportionately. 
Mortality, however, is expected to be 100 percent. The rate of 
impingment on the traveling screens would probably depend on the 
velocity conditions existing under the new pumping conditions, but is 
expected to be very low. The phytoplankton and zooplankton communi
ties in the Hudson River near Bowline are unlikely to be materially 
affected by the quantity of organisms lost to makeup water. 

4.140 Release of blowdown water from each of the cooling towers 
will be 3300 gpm at a temperature 19°F above ambient. If a diffuser 
is used for the discharge, measurable effects on the river ecosystem 
are unlikely. If a surface discharge is used, some localized effect 
on the aquatic system in the vicinity of the discharge may occur 
because of the elevated temperature of the effluent. The more 
sedentary bentic organisms would probably be affected the most. 

4.141 It is expected that concentrations of chemicals in the 
blowdown water will all meet applicable state and Federal standards, 
and should have no appreciable effect on the receiving waters (see 
Water Quality section). 

Impacts of Roseton Generating Station 

4.142 Data available for an analysis of the impacts of Roseton 
Units 1 and 2 on the Hudson River are primarily for the years 1971 
through 1976. Because the units did not begin full power operation 
until mid to late 1974 (Unit 2 in August and Unit 1 in late Decem
ber), the data include both the effects of the nearby Danskammer 
plant (472 MWe, requiring 316,000 gpm cooling flow), which has been 
operational since 1951, and the Roseton Plant. The following 
discussion relies on data contained in Quirk, Lawler, and Matusky 
(1973), Lawler, Matusky, and Skelly (1975b, 1976b), Ecological 
Analysts (1976b), and Central Hudson Gas and Electric (1977). 

4.143 Phytoplankton. Long term studies of the abundance and 
species composition of phytoplankton communities in the Roseton area 
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TABLE ~-26 
SUMMARY OF IMPINGEMENT BARRIER NET STUDIES 

AT BOWLINE GENERATING STATION 1976-1977 

RATIO OF t-TEST FOR 
UNIT 1 UNIT 2 IMPINGEMENT AT UNIT 1 DIFFERENCE 

SPECIES nb 

White Perch 29 

37 

19 

Striped Bass 22 

37 

11 

NET NUMBER OF 
CONFIGURATION FISH IMPINGED 

No Net 265.38 

No Net 922.13 

0.95-cmd 42.15 

No Net 21.48 

No Net 115.98 

0.95-cm d 4.32 

*Significant difference at a=0.05 

**Significant difference at a=O.OI 

NET NUMBER OF TO BETWEEN UNIT 
CONFIGURATION FISH IMPINGED IMPINGEMENT AT UNIT 2 1 AND UNIT 2 

No Net 915.63 0.29 -2.81** 

1. 27-cmd 646.19 1.43 2.15* 

1. 27-cmd 110.66 0.38 -5.28** 

No Net 93.55 0.23 -2.85** 

1. 27-cmd 39.69 2.92 2.25* 

1. 27-cmd 11.46 0.38 -3.06** 

aNumber of fish per million cubic meters of intake water 

bNumber of paired samples 

cTwo-sided paired t-test 

dMesh size of net 

• Source: Orange and Rockland, 1978. 

( ( ( 



have found no spatial distributions that could be related to plant 
operation (Central Hudson Gas and Electric, 1977). The quantity of 
phytoplankton entrained varied seasonally, with peak densitites 
occurring during late spring, summer, and early fall (see Figure 
4-6). After entra'illDent, primary production rates were consistently 
suppressed when discharge teaperatures exceeded 28 C. However, due 
to rapid dilution of discharge waters, no entrainment effects were 
detected beyond the plant discharge. Available data indicate that 
the operation of Roseton Units 1 and 2 should have only a slight 
effect on the phytoplankton community of the Hudson River in the 
vicinity of the power plant. 

4.144 Zooplankton. Microzooplankton entrainment at Roseton 
varies seasonally with a 8pr1ng maximum followed by a decrease during 
the sUmmer and a second peak in early fall (Central Hudson Gas and 
Electric, 1977). The observed spatial distributions 0.£ microzoo
plankton around Roseton could not be correlated with entrainment 
effects of the power plant. Entrainment survival studies during 1975 
and 1976 showed that microzooplankton generally sustained initial 
mortalities averaging 12 to 16 percent after passing through the 
plant (see Table 4-27 for saaple results). Latent mortality after 48 
hours averaged 6 to 10 percent. Mortality was independent of dis
charge temperature up to 35 C. Results from thetmal tolerance 
laboratory studies suggest that substantial entrainment mortality 
from thermal effects alone should be expected only under full load 
and/or reduced pump flow conditions. From these lines of evidence, 
it is concluded that the effects of power plant entrainment on 
microzooplankton communities in the Roseton area are minimal. 

4.145 Studies of macrozooplankton communities in the Roseton area 
have suggested no effects at the population or community level that 
could be associated with power plant entrainment. Survival studies 
have shown that macrozooplankton generally sustain entrainment 
mortalities averaging less than 10 percent (see Table 4-27 for sample 
results). Latent mortalities were insignificant at discharge 
temperatures below about 25 C but appear to have increased with 
discharge temperatures from 25 to 35 C. Thermal tolerance laboratory 
investigations using major macrozooplankton species predict that 
substantial mortality should occur only at temperatures above the 
range normally observed in the Roseton discharge, therefore little 
entrainment mortality is expected. 

4.146 Benthic Animals. Macrobenthic communities may be 
affected directly by the discharge of a power plant, or the 
planktonic larvae of benthic species may be entrained with the power 
plant cooling water. Migrating benthic adults may periodically occur 
in the water column and at such times would also be susceptible to 
entrainment. The overall distribution and abundance of benthic 
populations in the Roseton area appear to be largely determined by 
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TABLE 4-27 

IMMEDIATE ENTIAINMENT MOllTALITY OF ZOOPLANKTON 
AT THE BOSETON GENEBATING STATION* 

PDCENT !l>RTALITY SPECIES SUMMER FALL WINTER 

Total micro zooplankton 0 10 15 
Keratella cochlearis 0 0 0 
Coppod nauplii 35 0 0 
Eurytemora affinis 0 0 0 
Halicyclops fosteri 0 0 17 
Bosmina longirostris 0 0 0 

Total macrozooplankton 0 0 0 
Gammarus daiberi 0 0 0 
Chaoborus punctipennis 5 0 0 

*Zeros mean that no significant difference was found between immediate 
mortality in intake and discharge samples. 

Source: Ecological Analysts, 1976b. 
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environmental factors (e.I., sedi.ent type, salinity) that are 
independent of power plant operation (Central Hudson Gas an~ 
Electric, 1977). As a result, nearby benthic communities show 
considerable seasonal and temporal variation. 

4.147 Design features of the Roseton discharge probably 
minimize its effect on the benthic community in the area of the 
discharle. Plume studies in 1975, when both units were operatinl, 
show that the heated plume rises to the river surface, so that 
temperature incre •••• o. ,h. ~ot~ in the vicinity are onl~ several 
delrees fahrenheit. This small temperature increase is unlIkely to 

-affect benthlrc communities exposed to it. Some scour may occur in 
the immediate vicinity of the intake and discharge ports, but the 
total area affected should be ·very small in relation to total bottom 
area in the Roseton vicinity. 

;.148 Many benthic species, especially dipterans such as 
Chaoborus sp., have planktonic larvae, which would be subject to 
entrainment mortality. Entrainment mortality has been found to be 
low for Chaoborus (see Table 4-27). Mortality of other dipterans has 
not been directly measured, but river populations are unlikley to be 
seriously affected. Normal stream drift would replace some larvae 
lost to entrainment. 

4.149 Entrainment of Fish Eggs, Larvae, and Juveniles. Cool-
ing water for the Roeeton Plant is taken directly from the Hudson 
River at River Mile 66 passed through the plant, and discharged at a 
location slightly dOWDstream of the intake. Entrainment sampling has 
been carried out since 1973 using collecting devices at the plant 
intake and intermittent sampling hae been conducted at the discharge 
to estimate the types and numbers of organisms passing through the 
plant. Fish eggs, larvae, and juveniles small enough to pass through 
the traveling intake screen (0.95 cm or 3/8 in) are entrained with 
the cooling water passing through the condenser and then are 
discharged back into the river. The primary factors that may cause 
adverse effects during entrainment are mechanical and thermal shock. 
The quantity of organisms entrained changes with seasonal variation 
in the abundances of fish eggs and larvae in surrounding waters, and 
with seasonal changes in flow rates of cooling water in the power 
plant. 

4.150 In addition to the quantity of organisms entrained, the 
rates of immediate and latent entrainment mortality have been stud
ied. Sublethal effects of passage through the power plant may also 
be important but are not well known. Because plant conditions vary 
depending on operational load, season, and equipment used, entrain
ment mortality varies with time. To assess the long range effect of 
entrainment by power plants, the loss due to entrainment must be 
compared to species standing stocks. 
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4.151 It is difficult to measure accurately the concentrations 
of eggs, larvae, and juveniles entrained by a power plant. Rose ton 
data available to date are results from analysis of samples taken 
using 0.580 mm plankton nets (Central Hudson Gas and Electric, 1977). 
When nets are used to sample entrained organisms, the major sampling 
problems include net avoidance, clogging of nets, extrusion of eggs 
and larvae, and inaccurate measurement of water volume sampled. In 
an assessment of ichthyoplankton sampling programs used at Hudson 
River power plants, Carpenter (undated) concluded that Roseton 
sampling methods would tend to underestimate entrainment of fish 
eggs, larvae, and juveniles. The magnitude of the bias was not 
estimated. 

4.152 Prevalent species collected at the Roseton Plant intake 
included white perch, striped bass, Atlantic Tomcod, Alosa spp. 
(probably alewife and blueback herring), and the bay anchovy. Alosa 
spp. eggs and larvae were entrained in greatest numbers. White perch 
eggs are demersal and adhesive and are generally not susceptible to 
entrainment (Figure 4-7). No white perch eggs were collected in 
1974, those eggs collected in 1975 and 1976 were taken in greater 
numbers in bottom samples. Concentrations of white perch larvae 
fluctuated during 1974-1976, but peaked during May and June. The 
eggs of the striped bass were typically found on only a few collect
ing dates per year. The data suggest that late May and early June is 
the period of peak striped bass egg abundance at the Roseton intake. 
The abundance of striped bass juveniles was greatest during June. 
Atlantic tomcod eggs, although demersal and adhesive, have been col
lected in small number at Roseton during January through March. 
Maximum abundance of tomcod larvae was observed during March. Alosa 
spp. eggs and larvae were entrained in larger numbers than other 
species, occuring from April through July. No bay anchovy eggs were 
collected at Roseton during the sampling period. Bay anchovy larvae 
were collected from mid-July through mid-September. In addition, 
American eel, rainbow smelt, sunfishes, tesselated darter, white 
sucker, yellow perch, and various minnows and carps have occurred in 
entrainment samples at Roseton. 

4.153 Entrainment mortality at tbe Roseton Plant has been 
estimated through comparison of survivil rates in fish collected at 
the plant intake and discharge. Intake survival was used as a con
trol because organisms collected at the intake were not entrained but 
were subjected to sampling and bandling stress. The initial entrain
ment survival percentages (proportion surviving at intake divided by 
proportion surviving at discb_rge times 100) for selected entrained 
fisb species in 1976 are presented in Table 4-28. Initial entrain
ment mortality for striped bass, white perch, and clupeids was 
generally 60 percent or greater for discbarge temperatures below 30 
c. At higber discharge temperatures, entrainment survival is 
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FIGURE 4-7 
MEAN ABUNDANCE OF STRIPED BASS AND WHITE PERCH 

LARVAE AT THE ROSETON GENERATING STATION 
DURING 1973 THROUGH 1976 
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TABLE 4-28 ' 

ENTRAINMENT SURVIVAL OF ICB'l'IIYOPLANKTON AT THE ROSETON PLANT DURING 1976 

YOLK-SAC LARVAE POST-YOLK SAC LARVAE JUVENILES 
SPECIES TEMPERA'l'URE PDCDT TEMPERATURE PERCENT tF.MPERlmkE 

(C) SUllVIVAL (C) SURVIVAL (C) 

Striped bass 24.0-29.9 24.0-29.9 62 24.0-29.9 
30.0-32.9 30.0-32.9 55 30.0-32.9 
33.0-37.9 33.0-37.9 8 33.0-37.9 

White perch 24.0-29.9 24.0-29.9 83 (NS) 24.0-30.5 
30.0-32.9 30.0-32.9 38 30.6-33.5 
33.0-37.9 33.0-37.9 6 33.6-37.0 

Clupeids 24.0-30.5 24.0-30.5 59 24.0-30.5 
30.6-33.5 30.6-33.5 14 30.6-33.5 
33.6-37.0 33.6-37.0 0 33.6-37.0 

Note: Dashes indicate sample size at intake or discharge was less than 7. 
NS indicates survival at the discharge not significantly lower than 
that at the intake for a one-tailed t-test at the a s 0.05 level. 

Source: Central Hudson Gas and Electric, 1977. 
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generally low (0-55 percent). In most species itudied, entrainment ~ ~ 
mortality appears to be related primarily to thermal stress. (Bco- ~ 
logical Analysts, ~978b; Central Hudson Gas and. Blectric, 1977.) As 
found at the Bowline Point Plant, latent survival h expected to be 
somewhat less than i.nitial survival, but was not measured at Roseton. 

4.154 Central Hudson Gas and Electric (1977) has calculated 
estimates of entrainment-related loss of fish eggs, juveniles, and 
larvae based on species st~ing crops, rates of entrainaent,·and 
survival rates. These estimates are expressed as the number of 
larvae killed by entrainment in a given year divided by the standing 
crop of the larvae between River Mile 50 and River Mile 70. Losses 
for the following species have been est~ated: 

SPECIES 

White Perch 

Striped Bass 

Alosa spp. 

PERCENT LOSS OF STANDING 
CROP FROM ENTRAINMENTa 

1974 1975 

0.49 1.75 

3.5 

0.54 1.10 

SOURCE 

Central Hudson Gas 
and Electric (1977) 
McFadden (1977) 

Central Hudson Gas 
and Electric (1977) 

astanding crop between River Mile 50 and River Mile 70. 

Quantitative est~ates have not been made for other species affected, 
such as the bay anchovy and Atlantic tomcod. 

4.155 Fish Impingement. Eight traveling screens are utilized 
at the Roseton Generating Station cooling water intake to prevent 
fish from entering the plant. The traveling screens are constructed 
of 0.95 em (3/8 inch) mesh and are cleared of trapped fish ada debris 
with a spray of water. A disposal trough returns screen washings to 
the Hudson River. When ~pingement sampling is carried out, fish 
retained on the screen are sorted from the debris and collected for 
study. A weekly sampling program was initiated in July 1973 and data 
are now available from samples taken through 1976. 

4.156 A total of 41 species were col.ected from the Roseton 
intake screens between July 1973 and December 1976. Based on four 
years of data presented in Table 4-29, white perch (43-71 percent) 
and blueback herring (5-37 percent) were most numerous among the 
~pinged assemblage. Spottail shiner, Atlantic tomcod, alewife, bay 
anchovy and white catfish each represented 2 to 5 percent of the 
individuals when averaged over the three year period. Striped bass 
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TABLE 4-29 

TOTAL ABUlllWlCE ARD PERCENT ccttPOSITIOH' OF ALL FISH SPECIES IN 
DlPIJlGEMEMT COu.ECTIOliIS ncJl THE ROSETON GENERATING STATION FROM 1973 THROUGH 1976 

YEAR 

1973 1974 1975 1976 MEAN PERCENT 
PDCEJIT PERCEII'l' PERCENT PERCENT OF TOTAL FOR 

CCJIMOtf IWIE HilliER or TOTAL .IUHBER or TOTAL IRJMBER OF TOTAL HmlBER OF TOTAL 1973 THROUGH 1976 

White perch 8798 42.75 5654 61.71 18411 49.10 15136 71.10 56.20 
Blueback herrin, 7676 37.30 485 5.30 9549 25.47 1404 6.60 18.66 
Spotall shiner 334 1.62 700 7.65 1902 5.07 1107 5.20 4.88 
Atlantic tOlllcod 78 0.38 860 9.40 613 1.63 1116 '5.29 4.18 
Alewife 1435 6.97 254 2.78 1967 5.25 329 1.55 4.13 
Bay anchovy 1248 6.06 515 5.62 408 1.09 333 1.56 3.58 
White catfish 190 0.92 234 2.56 1059 2.82 406 1.91 2.06 
Striped bass 416 2.02 86 0.94 . 207 0.55 89 0.42 0.98 
Gizzard shad 15 0.07 25 0.27 736 1.96 333 1.56 0.96 
Bluegill 118 0."57 20 0.22 729 1.94 53 0.25 0.74 
l'\DIpkinseed 16 0.08 17 0.84 267 0.71 273 1.28 0.72 
Rainbow smelt 97 0.47 14 0.15 445 1.19 74 0.35 0.54 
Rogehoker 74 0.36 40 0.44 243 0.65 129 0.61 0.52 
Allerican shad 19 0.09 28 0.31 342 0.91 51 0.24 0.39 
Tessellated darter 6 0.03 19 0.21 101 0.27 153 0.72 0.31 
A8erican eel 5 0.02 27 0.29 134 0.36 85 0.40 0.27 
Golden shiner 29 0.14 38 0.41 57 0.15 35 0.16 0.22 

\......./ Goldfish 12 0.06 23 0.25 51 0.14 47 0.22 0.17 
Brown bu11hesd 3 0.01 16 0.17 35 0.09 32 0.15 0.11 
Yellow pe~ch 11 0.12 52 0.14 31 0.15 0.10 
Bluefish 1 0.01 109 0.29 0.08 
Banded killifish 3 0.01 6 0.07 31 0.08 34 0.16 0.08 
LargellOuth bass 2 0.02 14 0.04 6 ;t 0.02 
Atlantic sturgeon 3 0.01 4 0.04 9 0.02 2 ;t 0.02 
Redbreast sunfish 4 0.04 6 0.02 4 ;t 0.01 
Black crappIe 3 0.01 2 0.02 3 ;t <0.01 
White crappIe <0.01 
Shortnose sturgeon 1 0.01 <0.01 
Central mudminnov - 1 ;t <0.01 
Carp 4 ~.Ol <0.01 
!llera1d shiner 1 • <0.01 
Spotfin shiner 1 ;t <0.01 
White sucker 2 0.02 <0.01 
Yellow bullhead 3 * <0.01 
Mu.a1cbog 1 * <0.01 
Fourspine stickleback 1 '" <0.01 
Threespine stickleback 2 0.02 4 0.01 1 * <0.01 
White"bass 1 * 4 * <0.01 
Rock bass 1 ;t 3 * 2 ;t <0.01 
Warmoilth 1 * <0.01 
Spot 2 * <0.01 

TOTAL NUMBER COLLECTED 20579 99.9 9153 99.9 37495 99.9 21288 99.8 

TOTAL NUMBER OF SPECIES 23 30 33 33 

- Hone Collected 
;t Less than 0.01 percent 

Source: Central Budson Cas and Electric. 1977. 
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accounted for less than 1 percent of the individuals during the same 
period. Because of the seasonal nature of ~ing ... nt rates (see 
Figure 4-.8), for most species the annual total number of fish 
u-pinged is sensitive to the relative magnitudes of the flow rate and 
the u-pingement rate. at a given time. No long-term,trends in numbers 
of fish ~inged are evident and yearly changes in u-pinge.ent 
probably reflect natural fluctuations in populations of fish species. 

4.157 In general, young· of the year and yearlings tend to 
dominate impinged assemblages. Many species show increased impinge
ment rates at night. Impinged fish do not seem to represent the less 
fit or weaker individuals. 

4.158 After impingement of white perch on the traveling screen 
and discharge of the fish into the Hudson River, the probability of 
re-impingement was highest at mid-flood tide (37 percent) and lowest 
at mid-ebb (1.7 percent). Nearly all re-impinged fish were captured 
within 1.5 hours of release. The combined re-impingement rate for 
live white perch released over all tidal stages was 23 percent. 

4.159 Impingement survival studies were conducted at the 
Roseton Generating Plant during 1975 and 1976. Initial and latent 
survival (after 96 hours) were examined to detenaine the overall 
effects of the impingement process on affected individuals. Impinge
ment survival at Roseton varies with the species of fish and the 
screenwashing frequency •• ~Sample data pre.ented in Table 4-30 demon
strate the relatively high initial survival and substantially lower 
96 hour survival observed for white perch and striped bass. Blueback 
herring, alewife, centrarchids, and tomcod appeared more sensitive to 
impingement than Morone spp. Continuous screenwashing resulted in 
higher survival than intermittent wash. 

4.160 The impact of fish impingement at the Roseton Plant can 
be partially assessed by comparing the number of fish lost through 
impingement to the number of fish in the source population. The 
fraction lost through impingement can be calculated by dividing the ~1~ 
impingement loss value by the size of the population standing crop ~ 
between River Mile 50 and River Mile 70. To provide conservative 
estimates of impingement effects, 100 percent mortality of impinged 
fish is assumed. Several sampling problema are involved, and a 
number of assumptions must be made in estimating total numbers of 
fish impinged and the population standing crop. The procedures that 
have been followed in making these estimates are summarized by 
Barnthouse and Van Winkle (1979) and Van Winkle and Barnthouse 
(1979). Under the assumption used in Central Hudson Gas and Electric 
(1977), the population loss due to Roseton impingement of four 
selected species ranged from 0.001 percent (bay anchovy) to 0.5 
percent (white perch) in 1975 and 1976 (see Table 4-31). 
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FIGURE 4-8 
SEASONAL VARIATION IN RATES OF IMPINGEMENT AT 

THE ROSETON GENERATING STATION FOR WHITE 
PERCH AND BLUEBACK HERRING 
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TABLE 4-30 

SUMMARY OF FISH IMPINGEMENT SURVIVAL AT THE 
ROSETON GENERATING STATION DURING THE FALL OF 1975a 

SPECIES 

White perch 
Striped bass 
Blueback herring 
Alewife 
Centrarchids 
Atlantic tomcod 

White perch 
Striped bass 
Blueback herring 
Alewife 
Centrarchids 
Atlantic tomcod 

White perch 
Striped bass 
Blueback herring 
Alewife 
Centrarchids 
Atlantic tomcod 

White perch 
Striped bass 
Blueback herring 
Alewife 
Centrarchids 
Atlantic tomcod 

NUMBER 
OF FISH 

PROPORTION 
ALIVE 

INITIALLY 

PROPORTION 
ALIVE AFTER 

96 HOURS 

------CONTINUOUS WASH
b
------

201 0.83 0.08 
4 0.50 0.25 

16 0.25 0.00 
8 0.25 0.00 
0 
4 0.25 0.00 

------2-HOUR WASHb----___ _ 

667 0.60 0.01 
11 0.56 0.00 

5,833 0.06 0.00 
162 0.16 0.00 

25 0.40 0.12 
13 0.39 0.08 

------4-HOUR WASHb-------_ 

239 0.22 0.00 
5 0.00 0.00 

327 0.03 0.00 
54 0.00 0.00 

5 0.60 0.00 
2 0.00 0.00 

------6-HOUR WASH
b
--------

684 0.25 0.00 
6 0.00 0.00 

4,476 0.p6 0.00 
169 0.06 0.00 

0 
0 

aControl fish collected from the Hudson River with beach seines. Only 
striped bass and white perch were maintained. Survival was generally 

bat or near 100 percent for the 96-hour holding period. 
Washwater pressure was 96 psi. 

Source: Central Hudson Gas & Electric (1977) 
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TABLE 4-31 

ESTIKATIOHS OF STANDING CROP LOSS THROUGH 
ROSETO. IMPINGEMENT DURING 1975-1976a 

SPECIES 

White Perch 

Blueback Herring 

Atlantic Tomcod 

Bay Anchovy 

PERCENrb OF STANDING CROP 
LOfT TlROIJeJi apSBTON IMPINGEMENT 9',· 1976 

0.2 - 0.3 0.3 - 0.5 

0.12 - 0.36 0.07 - 0.20 

0.01 - 0.02 0.03 - 0.05 

0.001 - 0.001 0.02 - 0.03 

aStanding crop between River Kile 50 and River Kile 70. 
baange shown is for 30% and 50% sampling gear efficiency. 

Source: Central Hudson Gas and Electric. 1977. 
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4.161 Several factors have been identified that ma7 bias 
impingement estimate. at .Bud'on River PoWer Plants (Barnthouse, 
1979). The.ebi.s~. h.'ve been discussed in the section on iapinge
mant at the Bow'line Point POwer Station. In an a .. esallent of 
iaping_lit" estu.ate bias at the 'Roseton Plant, Barnthouse concluded 
that the following adjustment factors should be applied to Roeeton 
impingement estimates presented in Central Hudson Gas and Electric 
(977) • 

• Estimate of clupeid impingement should be increased by a fac
tor of 1.4. 

• Estimates of Atlantic tomcod impingaent from September to 
April should be reduced by a factor of 0.6. 

• Estimates of white perch and striped bass impingement were not 
found to be biased in excess of 20 percent, the acceptable 
error limit used by BarnthoUse. 

Cumulative Impacts of Present Generating Stations on the Hudson River 
Ecosystea 

, 

4.162 The overall effect of the simultaneous operation of the 
Bowline Point, Lovett, Indian Point, Roseton, and Danskammerpower 
generating stations on the ecosystem of the Hudson River estuary 
downstream of the dam at Troy are discussed in this section. The 
effects of the recently constructed Bowline Point, Indian Point, and 
Roseton plants, are considered in more detail because the other older 
plants have been in operation long enough so that their effects may 
already be reflected in the available baseline data. 

Phytoplankton 

4.163 Several years of sampling in the vicinity of the Bowline 
Point, Lovett, Indian Point, Roseton, and Danskammer power plants has 
revealed no significant local changes in the phytoplankton ca.munity 
attributable to the operation of these generating stations. However, 
these data were not obtained under full-power conditions for all 
proposed power plants along the entire river. Model estimates of the 
temperature distribution along the river for April through September 
under full power conditions and once-through cooling for the Albany, 
Roseton, Danskammer, Indian Point, Lovett, Bowline Point, and 59th 
Street power stations indicate that an overall temperature increase 
of about 1 to 3 F will occur for a few miles downstream from the 
Bowline generating station (Appendix E). The average temperature 
increase is variable with distance from a discharge source and is 
highest in the Indian Point-Bowline Point region. 

4-88 



4.164 The effects on the phytoplankton community of a year-
round increase in temperature of only a few degrees ia difficult to 
predict. If any alteration occura it ia likely to be moat prevalent 
during the aeaaonal extremes of temperature. During a mild winter, 
the switch to diatom dominance may not be as prominant. During the 
warmest summer months, an additional heat load would favor blue-green 
algae, a pattern that already naturally occur a in the estuary (see 
Figure 2-18). Some cbanaes in species composition are possible. 
Alterations, if any, are most likely to occur in the Bowline Point
Indian Point region, where water temperature will be increased the 
moat. Ecological Analysts (1977b) have investigated the cumulative 
effects of Roseton, Indian Point, and Bowline Point generating 
stations on Hudaon River phytoplankton. In this study, it is 
concluded that no adverse effects of entrainment on phytoplankton 
communities have been detected or are predicted. Peak discharge 
temperatures may result in slight reductions (10-20 percent) in algal 
productivity at sa.e sites. However, no reductions should be 
detectable beyond the im.ediate vicinity of the power plant 
discharges. 

Hicrozooplankton 

4.165 Studies of entraiaaent mortality of microzooplankton have 
produced mixed results. At Bowline Point and Indian Point, mortality 
increased during the summer, especially for copepods. At Roseton, 
copepod nauplii experienced a significant mortality during the 
summer. 

4.166 Effects of entrainment mortality on the overall river 
population depend on the total number of microzooplankton lost from 
the river and the ability of the population to replace those lost. 
Sampling programs at Bowline Point, Lovett, Indian Point, and 
Danakammer have found no changes in the zooplankton communities of 
these areas attributable to power plant operation. An investigation 
performed by Ecological Analysts (1977b) concluded that no adverse 
Unpacts on Hudson River microzooplankton communities have been 
detected or are predicted to result from entrainment at Bowline 
Point, Roseton, and Indian Point generating stations. The combina
tion of modest entrainment mortality and rapid regeneration times 
typical of aicrozooplankton species makes it unlikely that this 
community will be significantly influenced directly by entrainment. 

4.167 As with phytoplankton, the effect of a small year-round 
increase in average water temperature on microzooplankton is diffi
cult to predict. Some species composition changes are possible 
during years of exceptionally warm ambient water temperatures. 
Species changes could also take place if phytoplankton species 
composition is altered by warmer temperatures. Alterations, if any, 
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are most likely to occur in the Bowline Point-Indian Point region, 
where water temperature will be raised the most. 

Macrozooplankton 

4.168 With the exception of Neomysis americana (oppossum 
shrimp), measuredentrainaent mortality of the major macrozooplankton 

" species i"s very low. NeOilysiB, a saltwater species, is susceptible 
to entraioaent only by Bowline Point, Lovett and Indian Point when 
saline water is in their vicinity during late summer and fall. 
Neomysis is usually abundant only when salinity is one part per 
thousand or greater. 

4.169 Apparently, entrainment mortality of Neomysis is only a 
probl .. at Indian Point "when river temperatures are warmest. Limited 
data at Bowline Point show that Reomysis was entrained in small 
numbers and experienced no detectable mortality. The additional 
mortality within the river population of Reomysis represented by 
entrainment losses at Indian Point has not been calculated, but are 
likely to be small. An investigation performed by Ecological 
Analysts (1977b) concluded that the operations of once-through 
cooling systems at Bowline Point, Indian Point, and Roseton 
generating stations would have no adverse effects on the 
macrozooplankton communities of the Hudson River, nor on the 
organisms that feed on these communities. It is unlikely that 
operation of the power plants on the estuary will significantly 
affect the macrozooplankton community. 

Benthic Animals 

4.170 The use of bottom diffusers at Bowline and Roseton and 
the arrangements for maintaining the plume on the surface at Indian 
Point reduce the direct impact of the thermal discharges on the 
benthic community in the estuary. No widespread modifications of the 
benthos attributable to the operation of the power plants have been 
found in several years of field sampling in the vicinity of these 
plants (Ecological Analysts 1977b). Some local effects of scouring 
at the intake and discharge structures are possible. 

4.171 No overall quantitative estimates are available on the 
entrainment mortality of planktonic stages of benthic organisms. 
Limited data on Chaoborus punctipennis at Roseton suggest very low 
mortality for larvae of this dipteran species. Some mortality can be 
expected for other species as well. The effect of this entrainment 
mortality on the benthic community is unknown at this time, but is 
likely to be quite small. 
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4.172 The overall increase in average water te.perature that 
may occur beCAUse of the interaction of discharge plumes along the 
river, especially in the Bowline Point-Indian Point region 
(Barnthouse et al., 1977; Appendix E) may have only a small effect, 
if any, on the benthic community. The general tendency for the 
warmest water to remain near the surface will prevent benthic animals 
from experiencing the main impact of the thermal effluents. By the 
time mixing of the heat load into deeper water layers has taken / 
place, heat losses to the atmosphere and cooling by dilution with ~. • 
ambient water probably will have reduced the average·temperature - ~-_l~ 
increase experience4 by the bottom animals to 1 F or less. ~. 

Entrainment of Fish Eggs, Larvae, and Juveniles ~ ~ 
• 

4.173 An initial step in predicting how e,traioment mortality ~~ 
will affect a fish popUlation in the long term is to estimate the ~~~ 
conditional entrainment mortality imposed by power plants. Condi- ~- ~ 
tional entrainment mortality is defined as the percentage of eggs and ~~. 
larvae spawned that year that would have been killed if the only 
cause of death was entrainment resulting from operation of the power 
plants. Conditional entrainment mortality may be estimated by using S~~ 
measures of entrainment survival, numbers of organisms entrained, and I r 

the number of organisms in the pool population. None of these para- t-?f 
meters has been measured directly with a high degree of accuracy. 
Therefore, it is necessary to make assumptions and perform extrapo-
lations to transform available data into estimates of the required 
parameters. Several approaches have been used to achieve this end. 
Utilities and their consultants have used a hydro4lD,mic transport 
model, which infers entrainment abundances from ratios of plant to 
river abundances of entrainab1e organisms (Lawler and McFadden, 
1977). In addition, the Utilities have used a simpler approach, in 
which the number of organisms entrained (estimated from plant samples 
and flow rate measurements) is divid~d by the average standing crop 
of entrainable organisms during the specific time period (estimated 
from river sampling) (Orange and Rockland, 1977; Central Hudson Gas 
and Electric, 1977). 

4.174 The major sources of bias and inaccuracy in these 
approaches include grouping entrainab1e organisms across all entrain
able life stages and assumptions about the relative sampling effi
ciencies of plant and river sampling techniques. A discussion 
summarizing the limitations of these approaches is provided in 
Boreman et a1. (1979). The Empirical Transport Model (ETM) has been 
selected by the U.S. Environmental Protection Agency and their con
sultants to remedy some of these problems in an attempt to approxi
mate conditional entrainment mortality more closely (Boreman et a1., 
1978). 
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4.175 Estimates of conditional entrainment mortality are pre-
sented in Table 4-32. Several ET.K runs were made for each fish 
population. Runs using conditions existing in 1974 and 1975 are 
presented to compare ETK estimates to those made by Utilities. Runs 
using projected cooling water requirements provide a basis for 
determining the probable impact of Hudson River power plants with 
expected once-throuah aDd eluaed-cycle operatlng teonditions. Runs 
using expected future requireaents are necessary because additional 
units have becOllle operatlonal.'lnce 1974-1975 (e.g. ,!toseton,' Indian 
Point Unit 3), abdother units are expected to be phased out over the 
next few years (e.g., Unit's at Lovett, DanskamlDer, and Indian Point). 

4.176 Estimates QfcOndit1onal e1)trainmeDt mortality by the 
U.S. Enviroaaental Protection Agency (Table4-~%) are somewhat 

',. , greater, ~han but generally Bt.Uar to estimates of ,the Utilities for 
;-'e", impacts of R~set.on, Inc4an p~nt 3. and Bowline Point in 1974 and 

",1915,'the only case for which comparable estimates' have been made. 
c lbe "~rgest i..-pact is predicted for bay anchovy beca1,1se this species 

ftas very poor survival after passing through poWer plant cooling 
4Jstems. Conditional IPr~.,4li~y predicted for striped bass, white 

, ' Phch, and Alosa sPp."e ~o the operation of all power plants was 
, -"_stimated to be in the range ; of 10 to 20 percent for 1974 and 1975. 

4.177 Projections of the magnitude of conditional entrainment 
mortality that could 'prevail under condit1ons of once-through cooling 
in the future have been made only by the U.S. Environmental Protec
tion Agency (Table 4-32,. In general, condit1onal entrainment mor-

; tality would increase on, the 'order of 3 percent over 1"975 estimates 
for striped bass and white 'perch ami about 10 percent for American 
shad. Mortality Would still be in the range of 15 to 2'2 percent. 
Conditional entrainment *orta11ty for bay anchovy, Atlantic tomcod, 
and Alosa spp. would not change greatly. MOrtality to bay anchovy 
could be very great, al~ the range of estimates is also large. 

4.178 The contribution Qf each power plant to total condi-
tional mortality with once-th~~uah cooling is d~fficu1t to estimate 
because such a breakdowni~ not given in published reports or hearing 
testimony. However~ a rough;estimate based on data contained in 
McFadden and Lawler (1977, Table ) and Table 4-12 suggests that 
for striped bass and white perch the'tr~akdown could be on the order 
of the following: ~ 
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TABLE 4-32 

ESTIMATES OF CONDITIONAL ENTRAINMENT MORTALITY 
RESULTING FROM POtIER PLANTS ON THE UUDSON RJVER 

(percent) -

ESTIMATES OF PAST IMPACTS EPA PROJECTIONS OF 
1974 1975 FUTURE YEARLY I~WACTSb 

.. 
SPECIES £PAD UTILITIES EPAb UTILITIES 

ONCE-THROUGH 
COOLINGc CLOSED-CY~L1~, 

COOLING 

ALLPOWEB.PLANTSe ALL POWER PLANTSe 

Striped bass 11-15 HE IS NE 16-22 4-8 
White perch 11-12 HE 13 "E 16-17 3-4 
Alosa spp. 4 NB 6-11 HE 6-11 1-4 
American shad 14 HE HE HE 21 4 
Atlantic tomcod NE HE 5-S HE 7-8 2 
Bay anchovy 54-7S HE 35-46 HE 44-79 13-25 

llOSETONg, INDIAN POINT 2 t ~SETON. INDIAN POlNT 2 AND 
.AND BOWLIN! POINT ONLyf AND BOWLING POINT ONLyf 

Striped bass 7-S S 13 12 14-17 2-2 
White perch 7-S 6 9-10 6 13-15 1 
Alosa spp. 2 D 4-6 HE 5-S ~1 
Amer!ean shad 9 2 NE HE IS 1 
Atlantic -tomcod HE HE 4-7 4 6-S 2 
Bay anchoVy -3'6~S HE 26~37 HE 38-75 2-S 

p - no estimate made!t 
Mortality that would result if only factor causing death'was power plant 

operation. 
b Estimated using the Empirical Transport Model. 
e Once-through cooling at all power plants. 
d Closed-cycle cooling at Roseton, Indian Point, and Bowline. Lovett and 

Danskammer with once-through cooling. 

3" 

: Total mortality resulting from operation of all power plants.-
Mortality resulting from operation of th~se plants only. Difference between 

e and f is mortality resulting from operation of Danskammer and Lovett. 
g Unit 2 operational in September 1974, Unit 1 operational in December 1974. 
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Power Plant 

Bowline 
Indian Point 2 and 3 
Roseton 
Danskammer and Lovett 

Percent Contribution to 
Total Entrainment 

CondiY-0ual Ho:r~ality . 

14 
43 
19 
24 

12 
59 
12 
18 

If these estimates are approximately correct, then the operation of 
the Indian Point station accounts for a'out one-half of the total 
impact of entrainment of all power plants. The Bowline Point and 
Roseton stations each account for only about 10 to 20 percent of 
total c~nditional mortality. 

4.179 Should closed-cycle cooling be ins.talled at Bowline 
Point, Indian Point, and Roseton, the conditional mortality due to 
operation of all''power plants would dJ'op to a low level (Table 4-32). 
One-half or more of the remaining impact would occur at the Lovett, 
Danskammer, and Albany facilities, which are exempt from any 
requirement for modification of their cooling systems. 

ImpingeJ!l8nt of Fish 

4.180 During the years 1973 through 1977, it is estimated that 
a total of 1.4 to 3.6 million white perch, str1ped bass, American 
shad, alewife, blueback herring, bay anchovy, and Atlantic tomcod 
were impinged annually at Bowline Point, Roset Indian Point, 
Danskammer, and Lovett Generati e 4-33 and 
McFadden, 1978)~ Only the data Table 4-33 
represent conditions of full-scale rci tiog Of all units 

... 

---that will continue to be on-line for t e near future Roseton 
Bowline Point, Indian Point Units 2 and 3, Lovell, Dan ammer and 
Albany. I With the exception of striped bass and alewifes, the 
greate~ number of fish are ·impinged at Indian Point. Impingement of 
alewifes is spread fairly evenly among all plants except Lovett. 
Bowline Point and Indian Point account for most of the impingement of 
striped bass. 

4.181 Although the greatest number of fish were impinged in 
1977, there is no clear trend of increasing impingement through the 
years. The 1977 maximum is related to increased impingement of all 
species at Indian Point during that year. The increase at Indian 
Point was due to 3 greater volume of water passing through the plant 
combined with a higher rate of impingement (No./water volume, i.e., 
more fish in the water). With the continued full scale operation of 
the Indian Point Generating Station, it may be expected that this 
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SI· ..... :U::; AT 1I1J1J!mH IlIVt:Jt l'OWt:K 
PLANTS IMIRING 1!l73 TIIKUUCII 1.977 

TOTAL INDJVJOOAJ.s IHl'JNCF.u
Q 

POVKIt PLAIIT 1973 1974 lcfif-------lmPEnd'.t.:;:---1,97' PERCEN'l' 
OE DllAI (IE :IOXAI..-

WlIJY! Pl!RCn 

1ow11ne b 99,700 3~7 ,500 368,300 275,700 28 1119,600 9 
Indian Point C 83,900 367,800 299.300 440.600 45 1.094.600 68 
Lovett 61.100 87,300 82.800 46,100 5 81.!l00 5 
loRton 9,100 d 37,300 139,400 104.200 11 132.000 8 
Danska_r lU';&:: t·3OO :Z'ggg 117.700 12 140.800 9 

YOI'M. 3 • 9 ,200 9 • 984,300 1.598,000 

snIPED lASS 

1ow11neb 9.300 17,600 81.400 25,700 73 19,100 35 
Indian Point C 1,800 6,300 ~ 6,000 6,100 17 27.700 51 
Loyett 5,5OO d 9,700 5,300 1,600 5 2.700 5 
loseton 500 600 1,400 600 2 2,700 5 
Daoaka_r U· OOO 6 300 ,i:t= ~ 4 ~ 4 

TOTAL ,100 110:500 35,400 5 .1 

AMEl.lCAIi SHAD 
b 200 4,800 1,200 1,200 1.400 IowUne c 15 7 

ladian Point 19 1,500 1,100 4,200 54 12.700 66 
Loyett 4004 1,000 500 45 <1 100 <1 
Roaeton 21 300 2.300 400 5 ' 2,400 13 
Daoau-r 1.300 .. 2.400 2.500 2.00041 26 ~ 14 

TOTAL 1.900 10,000 7,600 7.800 19,200 

ALEWIFE 
b 20.500 22,100 8.400 5,500 35.900 23 1ow11oe c 25 

Ioclian Point 1,100 6,400 4,200 3,500 16 58,630 37 
Lovett 8,700. 3,500 4,900 600 3 1,900 1 
IoMton 1.900 1,500 12,200 2,400 11 37,300 24 
Daasu-r 148.900 H·4OO 29.800 9.900 45 ;:.600 16 

TOTAL 181,200 .900 59.500 21.900 1 .300 

BWEIACK HEUllfG 

1ov11aeb 18,800 45,000 25.600 5.400 2 33.700 5 
Indian Point c 1.000 37,500 155,800 258,300 89 (,37,400 85 
lewett 9,oood 13,800 7,400 400 <1 600 ~1 

Roseton 6.400 2,700 78,900 10,400 4 46,400 6 
Dansu-r 21.200 13 300 100.100 14.200 5 30.100 4 

TOTAL 6 ,400 112:300 367,800 288,700 748,400 
"-../ BAY AJICIIOYY 

1ow11ne b 4,400 4,900 3.700 3,800 20 7,400 4 
Indian Point c 11,900 95,000 96,000 12,100 64 146,!l00 78 
Lovett 4,800 d 4,700 1,600 400 2 1,200 <1 
lIoaeton 1.100 3.400 2,300 2,400 13 31,200 17 
Danab_r . 22.200 2 300 ~ 100 <1 1 300 <1 

TOTAL 44,400 110:300 105,700 18,800 188:000 
ATLANTIC TOMCOD 

::!!:e ~int c 
12,600 13,900 16,100 4,600 5 12,000 2 
28,300 375,700 78,600 34,200 34 747,GOO 92 

Lovell 59.500 d 21,500 4,500 1,300 1 5.200 <1 
Roselon 300 4,300 4,800 7,200 7 19,500 2 
Dansk_r 

~ 1j5.900 46.900 54.600 54 26,900 3 
TOTAL 7 7, 00 5 1,300 150,900 101,900 312.200 

SUK OF ALL SPECIES 1,440,000 1,913,500 1,776,200 1,458.800 3.578.200 

:Total baa been ~oun.ed to oea~eat 100. 
service 10 Hay 1974. Uolt I started co..ercia1 aervice io October 1972; Unit II started co ... rcial 

cSu. of 3 Indian Point Units--Uoit 1 vaa ahut down in October 1974; Unit II started operation in June 1972; 
dUolt 111 "as operated IInch-Dec __ 1914 and surted up apio In January 1976. 

110 " ... l1nl prior to July 1973. Ltalted plant oppratio", until fall of 1974. Unit 2 in full co_reid operation 
in Septa.ber 1914. Unit 1 in Dec.-ber 1974. 

Sou~ce: IleFadden (1971) 
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plant will remain the primary tmpinger among Hudson River power 
plants. 

4.182 Information relating numbers of fish impinged must be 
assessed relative to the total pupulationsize, natural mortality 
rates, reproduction capability, and life history biology of a species' 
to determine the signific&Dc~ of the impact from impingement. Condi
tional impingement mortality may be used as an initial measure of 
impingement impact on a population of fish. Condittonal impingement 
mortality is defIned as the percentage of juvenilefilJh of each 
species spatmed that year ~hat would have been killed if the only 
cause of death to juvenile fish was iDipingement resulting' from 
operation of th~ power plants. The usefulness of this measure is 
that it estimates the imptngement-related fractional reduction in 
year class abundance in the absence of other sources of mortality and 
compensation. Estimates of coniditonal mortality very depending on 
assumptions made in developing input data and scenarios (Barnthouse, 
1979). 

4.183 Estimates of COnditional impingement mortality resulting 
from the operation of the Roseton, Bowline, and Indian Point stations 
are available only for eonditions prevailing in 1974 and 1975 (Table 
4-~. Neither Bowline Point nor Roseton were fully operational dur
ing 1974. In 1975, Indian Point Unit 3 WaS not operational. Based 
on these limited:data, however, it can be seen from Table 4-34 that 
conditional impi~ement mortality, even with once-through cooling at 
all three of these power plants, was relatively low except for white 
perch. In most cases, the Utilities' estimates fell within the ~ 
ranges independently est~ted by the U.s. Environmental Protection 
Agency (Barnthouse and Van Winkle, 1979). 

4.184 Seasonal and spatial variations in riverwide fish 
impingement are evident (Tables 4-35 and 4-36). White perch were 
impinged in greatest quantities at downriver power plants (Bowline, 
Lovett and Indian Point) during January through April, Roseton and 
Danskammer farther upstream from April through June or July, and once 
again in early fall, and at the Albany station (farthest power plant 
upriver) from June through" October. Blueback herring exhibited some 
spring and strong fall impingement at the downriver plants and 
spring, summer, and fall impingement at the upriver plants. The 
~mpingement rate of alewifes was greatest at the upriver plants, and 
occurred almost exclusively during summer and early fall. Bay 
anchovy, a species found only in more saline water, was impinged 
strongly during mid- and late summer at the downriver plants. Very 
large impingement rates for Atlantic tomcod occurred at Danskammer 
during the winter. Downriver, impingement was greatest during the 
summer, occurring principally at Indian Point. A lesser peak in 
impingement occurred during the winter. The impingement patterns for 

4-96 



'-'" 

TABLE 4-3' 

ESTIMATES or CORDITIONAL IMPINGEMENT MORTALITY (PERCENT) 
FOR THE 1974 AID 1975 YIAI cLAssES OF WHITE PERCH, 
STRIPED BASS t AND ATI.AlftIC TdIIcoD t ASSUMING THREE 

ALTBlNATIVB CLOSE-CYCLE COOLING CONFIGURATIONS 

CONFIGURATION 

1a 2b 

LOW HIGH LOW HIGH LOW 

White perch (1974) 

Maxi1lUlll range 2.7 15.0 3.0 17.7 4.2 

Probable ranae 3.1 12.8 3.6 14.3 4.9 

White perch (1975) 

Mad.1IUIIl range 1.3 4.2 1.9 6.1 2.4 

Probable range 2.0 4.2 2.9 6.1 3.6 

Striped bass (1974) 0.3 2.3 0.3 2.4 1.0 

Striped bass (1975) 0.1 1.3 0.1 1.3 0.3 

Atlantic tomcod (1974) 0.4 1.8 0.4 1.9 0.4 

Atlantic toacod (1975) 0.1 0.3 0.1 0.4 0.1 

a Indian Point, and Roseton. 

3C 

bClosed-cycle cooling at Bowline, 
Closed-cycle cooling at Bowline, and Indian Point; once-through 
cooling at Ro8eton. 

c Closed-cycle cooling at Indian Point; once-through cooling at 
Bowline and Roseton. 

Source: Barnthouse and Van Winkel, 1979. 
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HIGH 

23.7 

19.5 

7.8 

7.8 

8.1 

2.4 

1.9 

0.4 
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SPECIES 

White P~rch. 

Blueback Herring 

Alewife 

Bay Anchovy 

Atlantic TOJllCod 

Striped Bass 

TABLE 4-35 

BOWLINE 
LOVETT; 

INDIAN POINT 

Winter and Early 
Spring 

Spring, Fall 

Mid-:-to-late ' 
SUlIIDer 

SUJIIIDer, Winter 

POWER PLANT 

IlOSEJQlf 
DANslWtMi!:Il 

Spring and Early 
Summer, Early 

, Fall 

Spring through 
Fall 

Summer and Early 
F,ll 

Winter 

Winter and Early Summer and Early 
Spring Fall 

Sqmmer .. dEarly 
Fall 

Spring through 
Pall ' 

Summer and Early 
FaU 

Summer and'Early 
Fall 

Source: Data presented in Barnthouse et a1., 1977. Tables AS.4~1 
through AS.4.-S. 
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TABLE 4-36 

!l>NTBS OF GUATEST AND LEAST IMPINGEMENT 
OF STRIPED BASS AT POWIt PLAH'l'SON THE HUDS<II RIVER 

, 

1iJirilIA OF GiElTkST MONTHS OF LEAST 
. IMPDlGDDr IMPINGEMENT 

POWER PLANT 1973 1974 1975 1973 1974 1975 

Bowline Point 1,2,4,12 1-3 1,3,4,12 6,8-10 6-9 6,8-11 

Lovett 4,8,11,12 1,2,4 1-4 1,5,7,10 5,7-9 5,7,8,10 

Indian Point 1 1,3,4,12 6-9 

Indian Point 2 1,3,4,12 1-3,5 2-4,7,8 5,7,9,10 6,7,9-11 3,5,6,11 

BDseton 5,6,10,11 1-4 

Danskammer 9-12 6-9 1-4 1-3,5 
1 and 2 

Danskammer 9-12 6-9 1,3-5 2-4,11 
3 and 4 

Albany 6-9 1-3,12 

Source: Appendix E, Table 5. 5-3. 
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all of these species may be related to the tdgra~ory and seasonal 
behavior aspects of their life histories. 

4.185 '!'he ~...--.J "~~~':'~,~r,~"'fbM8:c.·~.,.:i...nt .t 
power plants alona the Hudson River varied between the upstream sta-
tions and ~_o .. 'f.~t doWbStream (Tab-~'j.r3~~88f~·i~6). For 
Bowline Point.~ Lo~tt, aDd Indian Point,,~."llt rates tended to 
be grutest dur1Dj' ttie w£at!lr and -.. ~IY Jprlng tDeeemlMl~ through 
April) and lea~t. ~urlna Ha':~tlii'6uah oct"Ober. At Roseton, Danlltauamer, 
and Albany impinae-nt temltid -to begrutest fYem Julie t-bl.'ough 
October or Noveaber and l_~ ,from January through April. 'l11e reason 
for this pattern is not clear. One possibility is that downriver 
plants are impinging young-of-the-year striped bass during their 
first winter, while upriver plants are impinging yearling striped 
bass. . 

4.186 InforJation rtllating numbers offish impioafld must be 
assessed relative to the total population size, natural mortality 
rates, reproduction capabil,ity, and life history biology of a species 
to determine the 81gnific:aJice of the impact frota impingealll!nt. Con
ditional impingement mortality may be used as an initial measure of 
impingement i.pact ,on a population of fish. '. Copditional impingement 
mortality is defined as the fraction of a population killed due to 
impingement and is· most accurately applied on ' •• peeies year-class 
cohort basis. The usefulness of this measure i .. tha'tit 8stillates 
the impingement-related fractional reduction in year class abundance 
in the absence of other sources of mortality and compensation. 
Estimates of conditional mortality vary depending on assumptions made 
in developing input data and scenarios (Barnthouse, 1979). 

Cumulative Long-Term Impacts to Adult Fish Populations of the Hudson 
River 

4.187 Mortality of fish eggs, larvae, and juveniles due to 
entrainment and impingement at power plants on the Hudson River (pre
sented in previous sectional represents an immediate impact to each 
new year class of fish. As discussed, estimates of these eters 
can be made with a fair d ee 0 co tec -

a ce t e eart of the dispute over the need for 
cooling towers at Bowline Point, Roseton, and Indian Point generating 
stations, however, is the long-term effect of the impact of entrain
ment and impingement mortality on the abundance of adult fish in the 
Hudson River. Estimation of the reduction in future adult populatiQn 
levels is difficult because of reasons related both to the present 
state of knowledge of fishery population dynamics, data required to 
test and apply present theories of fishery management, and problems 
with the adequacy of data presently available on fish stocks of the 
Hudson River. 
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4.188 At present, the Utilities have utilized two methods of 
estimating long-term impacts, both based on an extension of a current 
theory of population dynamics. The u.s. Environmental Protection 
Agency has criticized the underlying data and theory of the Utili
ties' pre8entati~n and has taken the poSition that the long-term 
impact on adult populations cannot be predicted from data presently 
available from the Hudson River and that theory and methods are 
unlikely to be developed in the near future that would allow accurate 
estimation of the impacts of entrainment and impingement mortality on 
adult populations. 

Estimates bY the Utilities of Long-Term Impacts to Fish Popula
tions 

4.189 The Utilities have used the Equilibrium Reduction Equa-
tion method and the Real-Time Life-Cycle Model as their two methods 
for predicting long-term impacts to adult fish populations (McFadden, 
1977; McFadden and Lawler, 1977). The Equilibrium Reduction Equation 
method consists of entering mortality statistics reflecting power 
plant operation into an equation that predicts the percentage by 
which the particular fish population would be reduced on the average 
in the long term. Inputs to the equation are derived from data for a 
particular year. The prediction of long-term impact that is calcu
lated represents the impact that would be expected if those same 
conditions occured every year in the future. The Equilibrium Reduc
tion Equation cannot be used to predict the consequences of future 
changes in power plant operational conditions or the start-up of new 
power plants. Impact estimates for striped bass, white perch, 
Atlantic tomcod, and American shad have been made using this calcula
tion. 

4.190 The Real-Time Life-Cycle Model is a computer simulation 
that has been used in conjunction with the Equilibrium Reduction 
Equation to predict impacts resulting from plant operational patterns 
that vary from year to year and from new plants that are expected to 
commence operation in the future. To date, only estimates of impacts 
on striped bass are available from the use of this simulation. 

4.191 The Utilities have based their impact estimates on data 
gathered from the Hudson River and on several theoretical considera
tions. These considerations are as follows: 

• That the process of compensation i& operating within the 
affected fish populations of the Hudson River • 

• That an inverse relationship between growth rate and abundance 
of juvenile striped bass can be demonstrated as evidence of 
the existence of compensation. 
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• That hypotheses of natural population regulation concerning 
the relationship between the numbers of spawning adults and 
the numbers of offspring ultimately entering the fishery 
(stock-recruibDent .adels) can be applied to fish species of 
the Hudson ~ver as a way of estimating their compensatory· 
response to additional mortality resulting from entrainment 
and impingement. 

• That the Ricker model of stock recruitment is most appropriate 
for Hudson River fish species. 

• That data from the Hudson River are adequate to estimate the 
parameters of the Ricker formulation, which is the basis for 
all estimates of long-term impact. 

• That a value of 4 for the par_tar a (used as an index of 
the magnitude of compensation) in the Ricker equation is a 
conservative estimate for application to the Hudson River 
situation. 

These premises are discussed in turn below. 

4.192 Demonstration of Compeneation in Fish Populations. An 
important base on which the impact estimates of the Utilities rests 
is the degree to which compensatory machaniBIIs exist within the 
dynamics of the fish populations in the Hudson River. The ex1ste~ce 
of such mechaniBIIs would tend to offset the effects of any additional 
mortality resulting from power plant operations. Compensation refers 
to the tendency of populations·of living organisms to experience an 
increase in death rate or decrease in birth rate as the number of 
organisms increases. Conversely, compensation also requires a 
decrease in death rate or increase in birth rate as population size 
declines (McFadden, 1977). A Dumber of mechanisms could be respon
sible for this effect. These include changes in competition for 
resources, predation, or cannibalism (McFadden, 1977). The pOSition 
of the Utilities is that empirical demonstration of compensation 
acting in fish populations is well documented in the scientific 
literature and that compensatory mechanisms may act rather strongly 
to offset increased mortality from power plants (McFadden, 1977). In 
general, the controversy over compensation has not involved its 
existence but rather how strongly it operates in fish populations. 

4.193 The aost recent data to demonstrate compensation operat-
ing in the striped bass and white perch populations in the Hudson 
River have been presented in Utility Exhibits 49 and 50 (undated) 
submitted as part of the Utilities' case in the Adjudicatory hearings 
of Environmental Protection Agency. In both of these investigations, 
the negative correlation found between population size and growth 
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• 
rate of juveniles was presented as evidence for the operation of 
compensation that is, growth rate is not constant but is affected by 
the number of juvenile fish percent during any year. 

4.194 In Utility Exhibit 50, an index of young-of-the-year 
population size Btriped bass and white perch was obtained by 
averaging catch-per-unit effort values for day bottom trawls at three 
river stations near the Bowline Point generating station for 
Septeaber, October and November. The ihdex of population size was 
the graad average for the three monthly means. The index of growth 
was the mean total length attained by a random sample of young-of
the-year fish collected from 1971 through 1976 by beach seine and 
bottom trawl from the Bowline Point vicinity at or near the end of 
the groWing season (October for striped bass, November for white 
perch). This index of growth was negatively related to the natural 
logarithm of fall population size when variations in river flow for 
February through August were held constant (flow index). 

4.195 In Utility Exhibit 49, riverwide data were used to esti-
mate population and growth of young striped bass. When the effects ~ 
of water temperature on growth were taken into account, a significant 
inverse relationship between fish population size and growth rate was . 
found during July and August for 1965 through 1976. 

4.196 Justification for Using Stock-Recruitment Theory and the 
Ricker Formulation. Given that the process of compensation can be 
demonstrated as occuring within some fish species in the Hudson 
River, the Utilities feel that a proposed theory of natural popula
tion regulation that is concerned with the relationship among the 
size of an adult fish population (spawners) and the size of the 
offspring population (recruits) at some specified age (often the age 
at which they become vulnerable to capture by the commercial fishery) 
can be applied with confidence as the basis for the estimation of 
long-term impact to the fish stock (McFadden, 1977). These theories 
have been called spawner-recruit or stock-recruitment models of 
population dynamics. Among the various theories that have been 
mathematically defined, the Utilities feel that the formulation 
proposed by Ricker (1954) best describes the dynamics of the fish 
species effected by power plant operation in the Hudson River because 
the Ricker formulation emphasizes the compensatory nature of the 
numerical relationship between parent fish and the progeny they 
produce and the Laportance of the earlier life history stages in 
compensation (McFadden, 1977, section 10.3). Because the original 
Ricker formulation applies to a single age spawning population, the 
Utilities have developed an extension of the theory for use with 
multiple age spawning populations such as striped bass. The finding 
of that analysis was that the original formulation provided a 
conservative estimate of power plant impact (McFadden and Lawler, 
1971). 
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4.197 Evaluation of the par8liet.r 0 in the Meker Fi)mula. Ali 
aspect of the Riclter formulation that i8 very bportant to the 
estimate of the mapitude of power plant impacts on adult fiah 
populations is the value of the parameter a (alpha), which can be 
used as an index Of the amount of.coapen8ation in a particular 
species. Tbevalue of 0 can be estimated by fitting the Ricker 
formula to a plot 'of a time series of data of adult population size 
(aduit stock) versus the reaulting progeny population size " 
(recruits). Catch-per-unit-effort data for the commercial striped 
bass fishery on the Hudson River have been used to estiaate the size 
of the adult stock and correspondina~progeny with various lag times 
between parent and proseny generations uaed in the analysis." The 
most recent analysis is given in Utility Exhibit 58. In this 
analysis, values of from 2.7 to 5.3 were calculated for striped bass. 
These calculations were considered by the utilities to support the 
previous utili ties contention that an 0 value of 4.0 used in impact 
estimates is a conservative value (McFadden, 1977; McFadden and 
Lawler, 1977). 'nle value of 4.0 for a is a particularly important 
aspect of the Utility impact analysis because the estimate of 
long-term reduction in the adult population of striped bass using the 
Utilities' method increases very rapidly with values of a smaller 
than 4.0, as shown in Figure 4-.9 • 

4.198 The Real-Time Life Cycle Hodel. The Real-Time-Life-Cycle 
Model is a computer staulation that has been used "by the Utilities to 
predict long-term impacts to striped bass under changing environ
mental and power plant operational conditions (McFadden and Lawler, 
1977). The model utilizes a staulation of the hydrodynamics of the 
Hudson River estuary to determine distribution of striped bass eggs 
and larvae and a life cycle model to predict the long-term reduction 
in the size of the adult population. Details of the model are given 
in McFadden and Lawler (1977). 

4.199 In the young-of-the-year portion of the Real-T1ae Life
Cycle Model, both vertical and longitudinal migration rates are 
calculated directly from field data on distribution of eggs and 
larvae. These migration rates are combined with total egg produc
tion, mortality rates, entrainment and iapingement rates, and river 
transport processes to generate standing crop estimates throughout 
the year. Recruits to adult age-group 1 (one-year-olds) are derived 
from the number of juvenile fish remaining on day" 365 after first 
spawn. 'lbe number of recruits, together with density-independent 
survival rates, is then used to generate an adult population for age 
groups 2 through 14. Given this total adult population, the percent
age of females in it, and the average fecundity and maturation within 
each age group, the total number of egg a that will be produced by the 
population is predicted; this total then serves as an input to the 
young-of-the-year model to generate a new group of one-year-olds, and 
so on. 
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CURVES FOR POWER PLANT 

MORTALITY OF 50 PERCENT 

NATURAL MORTALITY - 99.9% 

1 2 3 4 6 7 9 

VALUE CHOSEN FOR a 

Source: McFadden, 1977. 

FIGURE 4-9 
EFFECT OF PAifMETER a FROM THE RICKER 

STOCK-RECRUITMENT RELATIONSHIP ON ESTIMATES 
OF PERCENT REDUCTION IN EQUILIBRIUM SPAWNING 

STOCK OF STRIPED BASS 
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4.200 Data requirements of the model are parameters related to 
river geometry and mass transport, biological factors , and power 
plant operation. In the river transport model there are 29 longi
tudinal segments divided into 2 vertical segments of equal depth. In 
addition, a correlation was developed between the 12 sampling regions 
of the field surveys of the distribution of eggs and larvae and the 
29 segments of the model, so as to permit direct input of field 
estimates of egg production and comparison of output with Texas 
Instruments estimates of standing crops for later life stages. 

4.201 The simulation of the hydrodynamics of tidal action in 
different layers of the river requires estimates of the maximum flows 
in the upper and lower layers during the ebb and flood tides as well 
as net flows. These flows were obtained and/or calculated from vari
ous field surveys, from modeling studies which employ a three dimen
sional model of the Hudson and, in particular, from 1974 and 1975 
flow data. 

4.202 Biological parameters include egg production, natural 
mortality rates and duration of life stages, compensation parameters, 
larval and juvenile migration, and adult survival and reproduction 
parameters. Temporal and spatial distribution of eggs, larvae and 
juveniles as measured during 1974 and 1975 were used to calibrate the 
model. The compensation function is based on the Beverton-Holt for
mulation and is calibrated through the Ricker stock-recruitment 
analysis for an alpha value of 4.0. 

4.203 Parameters related to power plant operation include plant 
location, plant flow rates, impingement rates, and factors related to 
entrainment. The entrainment factors include the portion of the 
water mass subject to entrainment, the percentage of organisms in the 
river that are drawn through each power plant, the fraction of 
entrained organisms that survive, and the percentage of entrained 
water that is recirculated. 

4.204 Year-to-year variation in environmental and biological 
factors has been provided for in the model through random variation 
in freshwater flow, the temporal and spatial distribution of striped 
bass spawning, and the percentage of organisms in the river that are 
drawn through each plant. Random sequences of conditions used are 
based on historical data. 

4.205 Estimates by the Utilities of Long-Term Reduction in 
Fish Stocks. Estimates by the utilities of the long-term reduction 
in the size of the adult fish stocks in the Hudson River have been 
made using the Equilibrium Reduction Equation only for striped bass, 
white perch, Atlantic tomcod, and American shad for 1974 and 1975 
(Table 4-37). The impacts of the Danskammer and Lovett Plants are 
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TABLE 4-37 

UTILITY ESTIMATES OF LO~G-TERM REDUCTION IN SO~!E ADULT FISH 
STOCKS AS ESTIMATED WITH THE EQUILIBRIUM REDUCTIO~ ·~QUATION 

PERCENT REDUCTION IN EQUILIBRIUH LEVEL " 
OF ADULT STOCK RESULTING FROM 

ENTRAINMENT IMPINGEMENT CO!-tBIXED 
LOSSES LOSSES LOSSES 

POWER PLANT 1974 1975 1974 1975 1974 1975 

STRIPED BASSd 
Bowlinea 1.9 2.2 2.5 0.6 4.4 2.8 

Ros.tonb NE 2.6 NE <0.1 NE 2.6 

Indian PointC 4.2 4.4 0.6 1.0 4.8 5.4 

Combined 6.1 9.2 3.1 1.6 9.2 10.8 

WHITE PERCHe 

Bowlinea 1.6 1.3 2.2 NE 3.8 NE 

Rosetonb NE 1.5 0.2 NE 0.2 NE 

Indian PointC 2.9 2.4 7.1 NE 10.0 NE 

Combined 4.5 5.2 9.5 NE 14.0 NE 

Bowline a NE 2.1 
~TLANTIC TOMCODf~ 

<0.1 NE NE NE 

Roseton b 
NE <0.1 <0.1 NE NE NE 

Indian PointC 
NE 0.5 1.0 NE NE NE 

Combined NE 2.7 1.0 NE NE NE 

Bowline a 0.6 NE 
AMERICAN SHADg 

0.8 NE 1.4 NE 
b Roseton NE NE 0.1 NE 0.1 NE 

Indian Point C 1.7 NE 0.8 NE 2.5 NE 

Combined 2.3 NE 1.7 NE 4.0 NE 

aUnit 2 activated May 1974 
bUnit 2 activated September 1974, Unit 1 activated in December 1974 
cIncludes small effect from Unit 3 in some estimates 
d tx_ 4.0 e tx_ 3.5 a_ 4.5 g tx= 2.0 
NE - not estimated 
Note: date in column heading is year class 

Source: McFadden and Lawler, 1977. 
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not included in the calculation since the utiliti.. believe that 'iil
e have been operating long enough to have their effect reflected.~jf.,"~~· 

baseline condition. As discussed above, a value of a -4 wal ~. OT 
striped bass. Values of a for the other species were not determined 
empirically, but were chosen from among curves presented in Ricker 
(1975), based on what is known about related species (McFadden and 
Lawler, 1977). If the same power plant and natural ecological:' 
conditions actually occurring during 1974 and 1975 were to cont~ue 
through the operating lives of the plants, the utilities estimat" 
that the fish populations would be reduced by the given percentage. 
below the average level that characterized the stock before the new, ,~ 
power generating units were activitated. t 

4.206 The predicted reduction in the striped bass population 
was in the range of 9 to 11 percent (Table 4-.17). For the two years, 
the main impact was due to entrainment losses with about one-half of 
the entrainment impact occurring at the Indian Point generating 
station. Impingement impact was variable among plants for the tWo . 
years. 

4.207 Reduction in the white perch population was estimated to 
be 14 percent based on 1974 data. Lmpingement losses were of greater 
magnitude than entrainment losses. The greatest effect of 
impingement was due to the Indian Point station. 

4.208 Limited data are available for Atlantic tomcod. Stock 
reduction due to entrainment conditions prevailing in 1975 was 
estimated to be 2.7 percent, most of Which was due to the Bowline 
Point plant. Reductions due to impingement in 1974 was estimated to 
be 1.0 percent, almost all of Which was due to the Indian Point 
plant. 

4.209 Simulation of 40 years of operation of Indian Point units 
2 and 3, Roseton units 1 and 2, and Bowline Point units 1 and 2 using 
the Real-Time Life-Cycle Model gave a predicted 8 percent reduction 
in the equilibrium level of the adult stock of striped bass (McFadden 
and Lawler, 1977). Indian Point unit 1 and the Lovett and Danskammer 
plants were not included in the model run because their impact was 
believed to be already reflected in the baseline conditions. 

4.210 u.S. Environmental Protection Agency Review and Analysis 
of Utility Estimates of Lona-Term Impacts to Adult Fish Populations. 
The Utilities have used data from the Hudson River and various 
statistical tests to support and implement the theoretical basis of 
their analysis of the impacts of power plant operations, as described 
above. The following data and statistical evaluations are important 
to the analysis of the utilities. 
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• Data on abundance and growth of juvenile and young-of-the-year 
striped bass and white perch are adequate to demonstrate a 
negative relationship between abundance and growth, thus 
demonstrating the existence of compensation in these popula
tions. 

• The catch-per-unit-effort data from the Hudson River are ade
quate to estimate the size of the parent stock and recruit 
resulting recruit population as input to the Ricker 
atock-recruitment model. 

• The Ricker model fits the spawner-recruit data with satisfac
tory statistical significance. 

- • Statistical analyses of data from the Hudson River indicate 
that a value of a -4 is conservative for striped bass and that 
values for other species can be estimated adequately. 

4.211 The u.S Environmental Protection Agency (EPA) and their 
consultants have evaluated the Utility analyses in testimony dated 
April and May, 1977. In general, the EPA has determined that: 

• The demonstration of a negative correlation between juvenile 
population size and growth does not hold up when the statis
tical basis of the analysis is examined and data for 1977 are 
added to the analysis 

• The questionable accuracy of the catch record gathered by the 
National Marine Fisheries Service and the estimate of fishing 
effort calculated by the Utilities make the reliability of 
these data insufficient for use in determining adult spawning 
and resulting progeny population sizes 

• There is no valid basis for selecting the Ricker model over 
other models of population dynamics (such as the Beverton-Ho1t 
formulation) that could also apply to the fish species of the 
Hudson River 

• The fit of the Ricker model to the spawner-recruit data from 
the Hudson River is poor and is no better than the fit to ran
dOlI nuabers 

• Because of the above considerations, the Utility estimates of 
the parameter a derived from the fitting of the Ricker curve 
to the spawner-recruit data are unreliable 

• Because it is an unreliable estimate, the value of a for 
striped baas could be much lower than the value of a -4 

4-109 



eatimated by the UtUity, which woq1d r4itsult 1.n a IIlUch ~rger 
estillate of loq'"1:ena r.iluc~ion in the ~uilibri ... level of 
the adult striped bass populat;l.on than the Qtilities' estimate 
of 8 to 10 percent. 

Each of these findings is discussed in more detail below. 

4.212 ADal 8i8 of the Uti ities' nstr ion of C nsation. 
The Utilities' demonstrat;l.on 0 . an empirical r.lattpnsw,p between 
population size and growth of juvenile aad youoa~ot~~he~ear striped 
bass and white perch has been presented in Utility Exhibits 49 and 
50. In Utlli~y Exhibit 49, r1-verwide beac1t 8e1.oe data. for juvenile 
striped bass were utilized to estimate population .ize and growth. 
The effects of variations in growth rate due to water temperature 
were accounted for by includ1118 the rate of Hudson R1~r temper.ture 
increase froa 16 to 20 C ~ ,a variable in these regreasipns. A 
statistically significant pegative correlation was found between 
population size and incremental growth and relative growth of 
juvenile striped bass when the effects of temperature were held 
constant. 

4.213 In Utility Exhibit 50, an index of young-of-the-year pop-
ulation size (year class strengt,h) was obtained by averaging; catch 
per unit effort values for daytt.ebottom trawls taken from September 
through November at three stations in~;,erstraw ~y near the Bowline 
Generating Station. The logarithm of population size rather than 
population itself was used as an index of fish abundance. The 
analYSis in Utility Exhibit 50 took variatlons,in river flow between 
February anc:1August into accoun.t as a y~'1able .f:fe~t1ps- :growth, as 
opposed to the analysis in Utility Exhibit 49, in which the effects 
of temperature on growth wer~ factored out. Statisti~a~ly signifi
cant negative relationships between l,ugth and the logarithm of 
population size, once variations in river flow were accounted for, 
were found for striped bass and white perch for the years 1971 
through 1976. 

4.214 Examination of the Utilities' demonstration of an 
empirical relationship between population size and growth of 
young-of-the-ye_r and juven~e striped bass and White perch has. been 
presented in Barnt!1ouse (1979), Rohlf (1979), aDdllete~er and Deriso 
(1979). In general, these authors express serious reservations about 
the quality of the data on fish popUlation size and growth and on the 
statistical analyses used to infer the negative relationship between 
population size and growth. 

4.215 Barnthouse (1979) and Rohlf (1979) have reanalyzed the 
data in Utility Exhibit 50 by incluclina data for 1,977. In botl\ 
cases, the significant re,~tiollfhip betwee.n growth and population 
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size for!*tri.-' '~ji"S:t:& •• the dat1lll pedat for 1977 ·.f4 
added -totbe ·feat' ... ~ .... '1: •• ; ROweVft; '. sipif:£cat Delftive 
correl..'t1b1l .. atill o'td1l*clfft Wlaite perch. . . .' 

: .' 

4.2l6PI.teher U1d1Jeriao U979) Mlieve ·tluit:the me~.ure of 
abutid.inc~for tfttf:,. ;WWs (baatMIon4lllta ita ~1!IIitiiey tntiS\rgh 
Nov_ber) i .. ~t '*.pptbprfate" .inee the l ... tb '~f "striped. bass from 
October s.-pt ... ~ :u •• ' •• 'lddnes:ef'·grovtli. ~"'feel that :data 
for 1fOveaber 116811' be :tfHlnaDtto a _ahr. of .grOWth based on data 
for October alid :.ftia'f · ..... 1'Uilj.t. e1ioMd 1M .ha..-d em abundance data 
only frOil 'a...,l •• ' dbtalllecJ prior tc; ·.,v .... r •. . "'-",' . 

I .t·, 

4.217 Rohlf (1979) has queetioned the use of the type of index 
of river flmr"ellCieetFfot'uW iit Ut{li't1 Dhlbit SO (S(Nea month per
iod' principil edflpOitint"ecbre) j ,)eUtlaathat' aueb an approach has no 
clear :bittrogic8l")Mw:ta .'.1Ie f ... la 1~t total' floW durint the growing 
season or a'wljhted a •• rea. f1oW'(tiaaedott ioaa 'd~oil8trated biololi
caI'iapottance~of ':fl6W lUri1liaifferent adn'ths "Would be a iidre 
resioubie ~ 6f'llicluc11na the effects of river flo. in the analy-
si8'. '. . . )"" , . . . '. ", 

. . . ~-
4.218 PoOM. of elata .y ·haveal.o affected the results 

obt.ne4~ :Data~ltir~Ke 'feats 1974 through 1976 used 'on the analysis 
iii'-Utility Exlrtbit ,'fF_te'ifroa saplea that had been pooled for all 
stationi' aad typel"6f J 'eollectlon gear. Barthouae (1979) has noted 
thft1 'fMs 'JIiOdHtfj"liIduH it6t· introduee . bia.into the artalyd' if the 
averaaeblqtItj;'oi fflilPilol1eete4 w1tlt each gurtype were the saae 
or if the ·dt.-ft'1bot'Ma :'01· the tot·a! c~tc1iMciq' the various &ears 
were thi'saa: !f_:.,~af·;·toyear. Biaee tlleee conditions were not 
met. 'it 'f'.' aat ;~1j ~~.ihIe that 4irro.s ·.illtl'Odue.a bytM pooling 
procedare;ollteiijei tile"tNerelatioitahip beneen population size and 
growfll".. tt'1. £lb4t the e'ri'ors ititro4ueed • apuri01ui'·correlation and 
that in reality-a6'rilitlonahip betw6en pdpulation size, growth, and 
river flow exiats. 

4 21, Ba~~i~ej~t979) .~d Rohlf (1979) have also poi~ted out 
pro''!._ in t ... ialy.ta10f the relatioll.hip between population aize 
and .ravt1l pitleilitW'fil Utility !zhibft· 49. " Beeauje the beach seine 
data·'orb.trlPid~"". for 1969 througl\1t72::vereonly for the Indian 
Poidt arej," th8.4 data'hitve been conftrted,'usUlg rivanddedata for 
1973,t1lisoah'l~5,to'''' ~,uiv.~ent.ta ri~e:nr1d'e samplea., '!'here is 
ao .~h ._tt.t~8dili' die ·techniqaeuaed to adjuat the d.ta~ howeyer, 
thfi Iirntf*l .. u0979., 'feels thlt~ little coilftdence' ~an'be placed ift 

::::~~~~I!+,~:,:~::~;U::-;:!,,~~'~b~~~h a 1 ~;~!:;l:~t~ a:tu:::: 
as fl'otIi 'brl.~lf-'totWth. die v.:lue e.tfiat.d for eileh of"theae 
years. ·ticluaini·'t~ •• ,.~rs .*,,~eeal'cu1atin& the resresation 
analysiS given in the EXhibtt'reaults 'in no statfatlc81·telatiOnship 
between population size and growth. 
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~ '<. I :0 ~ _ • -..; 'J. : .: . . ~ .' __ ' '.' .; j . ... '."' . 

4.221 .: ~~.J'~'7tfl ~1)4;1Qt.l~ .(U79~,"'''',.$~~4 ~luaan
alys,e'fP,r.~Q',~ 'B ~Ai',J~.$~.,.49~"" ,0.",=. qQ •• a,~l,.b 
cQMWere41: ........ ,U1:. i 110- tMt ' r.~~r .cf~ ~ t;-' ,0, t C;O~$der.cl 
riv .. rflo,r~t DO~"i~ ... qt~ •. a. ch4t ~pq~~.~~ J.R~~ .. ntal 
variable:. ~ 4C"",,1fH ,f~",~a .~_ ~.~~~ _l1~ •• , .. S1.ace :~th 
anal,~ •• a.a ........ Dle:" '~iMl¥lat~~D" ~~ .~ta ...s .~.~ 
indices cletendned in both ana1y •••• hou1d 'be po.itive1Y corre1at.~" 
with each other. As calculated in Barntbou.e (1979). the correlation 
of the laclI ... n~ ... r.~t~,"ar,~h~.~~" qf, ~~~1~ Exhi~t ,49 
to tbe,IJ;OW1;Ja '."<iV •• ia;U"A~'Y "ld1t~~,JOrJ"'SIMt ,~ti,~i~~~,. 
81pif'ca.tl'.~f-"'" f~"'L"~O,"~ ~1!~PWC,.ba~,., .~/~0~:w::.1atioa 
of .tripe., .... '. ",u.k~i" :., •• , "'If'.'~ 'qrl, .... "Vf~lj:~l.U~aJ'. : 
cOllPllrllO",'~f .. ~.wII1", .. r.b.~~,.~ IMlJ,~,"~n "~ 
popul.t'.~ .t_ i"Ic ••• , _.,c ... r'ICfIl~,.f( .• rm~ ft~J~~~ .• ~d ~i" •• 
s1anif1.n~ :,"l~i~ JC~lMla~~q,,~, _fQt~~(.( l'~~).:l'~~: .tu.t a 
f1ndl ... qf .tr~ .. _ ,.."i";/~9r~ .. 1"io .. , ."t.8IJ. ~",.,8ets ,~.I~'lwth 
aDd ." ___ e· iaU.. 4..".1,,,,t.D "~_ tow ~hl' .. ;,~~4 q~ pro ... 
v14~ .• Jlo" .",,.Ie fo~~ ..• '" r ... ",t • .1." lcQ~~u.lCJa~:pr ••• Rt~4!", He 
fe.18 ,'_, ,tq ..... "al.~~.,;9f .8\14h,.q~J;~~la~~It.,.qa'~88eriOQs . 
doubt oa.t~ v.1141~J;of .. ,. ~1'8 •• ~. bQl;~·~lb~ts • 

. ,.. , . : 

4.222 Rohlf (1979) noted the iDCOD.18tency ia the conc1u810ns 
of UtlUt' .. 'W.t .. · ...... 4"$9 "'fI.~.~ ·~.f'.f ... t lJ~~~~ ,,~fect1 .. 
gl'qwth .. we~. pae4 "'J"r;JJ. : ; rM< .-.J.J.1~. ~n. qtj.Jl~1, .hh1~~t 49 u .... 
populatioa ,.1H .'\ML_"r '~~'.~UJ'~ ... ,~.di~~or.I:t~Q<~~ "I,."sioa 
al1&l,s1s of ~ .... ff8c~'.,9a~.~~, ~U~()~~'l~f&l.I,~ •. ;c;.rr1~d. oyt in 
UtiUty Exhf,M~,$9 ~",~~t)~~Mrjl.tbai.~(:,PQP~tf,oa ,~~,allCtr1ver 
flo. a,:pred~~~'~'!I!. ~",.,~~~.~,~";~lJ..i~:of,·".ta ~r_ . 
~l~tl ~"M-~ "tI!'l;~~~~~~~ •. "'''PI )~~",PI'.~C:~~~1I ft~ ~ility 
~1bit SO, .It,, JIIIJ •. )!P.M~.) ~~t. ~M, ,r~lct9" ".~\ ~"j D~~~~~y" ~bi~ 
SO ""r. PQor-'J ""'~JoJ' • ..JPf '~M~; r'~~:il~"P·~~fip'r~~ictol'. 'c~,.lly 
u8.4 .. inptU.itl;'.~W.~.'~ ,~".~'~~'~OJl8,,~f' r •• c~d wben 
the pr.~i~to~ .~"11~t.l~~J .. ~1b1t,.4',1I'Ipre .p~lea to the .data 1n 
Utility Exh1bit.,50 •. 'lba ~0 .. 1stenc;i.s ware felt to be. a result of 
the sll811 •• ple· .1 ... ·· .".i1ab1e (ioblf. 1979). . 
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4.223 Another atati.ticalproltl_'with the analysis inUtility 
Exhibits 49 and SO is that the teaperature and flow variables used 
were selected on their observed ability to predict population size 
uBina the s._ set of data. Iohlf (1919) states that this 
invalidates the probabilities found in all tests of significance, 
since these tests· they are conditional on the prelimdnary results of 
the same set of data. Validation of theae results using an 
independent set of data would be necessary. 

4.224 it -.1 ··tlle Catch~ er-Unlt-Effort Data from ·the Hudson 
River. As discusse ear ier, t Ut ty analys·is of long--term 
impact on fish populations is based almost entirely on the use of the 
Ricker stock-recruitment-aodel. Because the parameters of the Ricker 
formulation are calculated from the fit of the model to estimates of 
the population size of adult spawners and their resulting progeny, 
the quality of the~dat. uaed to estiaaCe yearly population.size in 
the Hudson River ia very ,important to the analyais. The Utilities 
have utilized a portion of the commercial catch data from. the Hudson 
River available fra. the National Marine Fisheries for the years 1931 
through 1975 (McFadden. 1977; McFadden and Lawler, 1977; Utility 
Exhibi t S8). These data aDd an iMepeDdent meaaure of the fishing 
effort expended in landlna the catch are used to calculate 
catch-per-unit-effort· aa the measure of atock size. 

4.22S Fletcher aad Dertao (1979) have exaained the quality of 
the availablecatch-per.gn1t-effort calculations of the utilities. 
These authora have noted·thae the catch atatistics are not actual 
catch data butara eati .. t.a by selected fishe~n of what they 
recall their catch of .bad aDd striped bass to be from the year 
previous to each survey. Since· the catch data survey was principally 
concerned with the shad fishery, the Utilities' analysts used a 
constant adjustment feeter for years prior t~ 1965 to correct the 
catch data to refleet the laDdings of those fi8her.n whose catches 
consisted principally of striped bass and, therefore, were not 
included in the aUl'Vey. Fletcher and Deriso (1979) have also noted 
that the data on effort aKp8nded in landing ,the catch are not actual 
measurements of the effort ezpeMecI bJ the fishermen included in the 
survey but w.re calculated iudapendaatly from fishing gear 
registration recorda and state laws regulating gear use. 

4.226 _ Dle uacert~ntiea asaocatecl with the catch and effort 
data have Hen re.s.ewed in McFadden. ( 1977), Fle tcher and· Deriso 
(1979), aDd 6004y .. r (1919&). ·'!bere are seven 1I&in sour.ce& of error 
as saa.arized in Jle.char and Deriso (1979) • 

• Theaaacdotal nature·gfthe data collection method is an 
unreliable iadie.tor of catch. 
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• 'lbe *.plilll _thod ia incbMiateat becau •• of ehanaes in 
intervie_ra. 

• '!be fiaher.an a~1ed are Qot held aeeount.b1. for the aeeur-
8I:.y of tbe1r infolllA tion. 

• Ther. _re no ind.pend.nt _thocl8 of verification of the data. 

• Tbe effort f!aurea to be paired with the cateh figures' are not 
the efforta .etuallt ezpeDded by the "ah.~n from whom the 

. eatch filur.a: writ obt.in". . 

• Aeonstant eorreetioa f.etor waa applied to the data prior to 
1965. 
~ 

• The aaa .. ption of 10&pere.ntua. by fiah.~n of all lear 
reaiatem in any ,..r aad of 100 pere •• t us. by every fiaher
man of the entire atatatoryfiah1aa a .. aon ia unrealiatie. 

4.227 lec.ua. of the requir..ent in thl atock r.eruitment 
cODcept for pairilll .att.atea of adUlt the popul.tion aize of 
spawners With those of recruita ae". ... a1 ,.ars lat.r. the n_ber of 
data point. obtainable fre. thecateb recoJd ia fairly ... 11. As a 
reault. the fit of the Rieker CUrYe to the est1aatea of the aize of 
the adult .peWD1.111 atock .Dd r •• ultina pro •• ny .that are calculated 
froa the catch and .ffelrt data is very a.naiti" to.ny errora in the 
few poiataaYailable. F1eteber aDd Deriao (1979) .t.te that the 
sources of error in catch,.ad effort data cited abov.· .. 1te the level 
of reliability of the data iaaufftc:leDt for thelr uae in estt.ating 
spawning atock .DfI r.cruitpopulation a:1 ... ,· 

4.228 · ... 17.i. of tbe Uae of the Spa~a-Recru1t conc.~a aa 
the .. aia f., IaJ!!ctAIM17ala. . Ia thi vidltl.a • a.-1yaia. t 
e.timatea of apaWRing .tock aDd reaultlaa,rosency population .ize 
are necessary iaP'lts to the ticker a,.WIler-recruit lIOdel used to 
estiaate the lonl-t.ra reduction in adult. equilibriua population size 
due to entratn.nt and 1api ..... ntaortal.1.ty .t· power plant a on the 
Hudson River. The use of tM ticker apetnaer-reeruit lIOde1 a. the 
ba.i. for the eatimataof; ~ta ia juatified· .. y the Utilities on 
the Irounds that atock recruitment principles are widely used in 
fishery .. naaemeat. GeDeral doeu.eat.tioa la prea.at.d in.KeFadden 
(1977) •• ad.pacific .... 'les·of.p.wnar-r.cruitaodel. considered to 
have been ua.d in .. oaa ... nt of fiah atocka are liven in Utility 
Exhibit 59. Fletcher and Diarl.o (1979) have revi •• d the.e euaple. 
by correaponding with thoae al.nciea cited in Utility Exhibit 59 a. 
using .pawner<-recn1t -.od.18 in'their _a .. _nt aetivities. All 
replies to these inquiries indicated that. contrary to the claims of 
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the Utilities, spawner-recruit .odels were not used in the direct 
management of fish atoclta bee .... of the general unreliability of 
such models. Pletcher an4 Deriso (1979) also noted that some of the 
models listed in Utility Exhibit 59 are not even spawner-recruit 
models. 

4.229 Anal si. 0 the. Use of the Ri r S wner-Recruit 
Relationshi or Pi. 0 .tions of the Hudson liver. In applying 
the spawner-recruit concept as the basis or impact estimate, ·the 
Utilities have chosen the Ricker spawner-recruit model as the 
particular formulation that describes the dynamics of fish 
populations in the Hudson River. The Utilities contend that a 
statistically significant fit of the Ricker curve can be made to the 
estimates of the size of the adult and reSUlting progeny populations 
of striped bass. From the resulting fit of the model to the data, an 
estimate can be made of the value of the parameter a, the value of 
which is important in estimating long-term reductio~ in the equilib
rium level of the a4ult population. Docuaentation of the Utilities' 
analyses are presented in McFadden (1977), McFadden and Lawler 
(1979), and Utility Exhibit 58. 

4.230 The fit of the Ricker model to the spawner and recruit 
data presented by the Utilities has been exa.m1ned by several 
consultants to EPA (Christensen et al., 1979. Goodyear, 1979; Robson, 
1979; Rohlf, 1979). The model was found to fit the available data 
very poorly. 

4.231 Rohlf (1979) recalculated the regression fits of the 
Ricker curve to the data presented in Utility Exhibit 58 and found 
that the Ricker model fitted the data very poorly, which was in con
trast to the findings presented in the Exhibit. The inclusion in the 
regression of a variable to account for the effects of river flow 
only slightly improved the fit of the data. 

4.232 Robson (1979), after correcting for statistical defects 
in the Utility analysis found that the Ricker model provided a poor 
fit to the data using 4, 5, 6, or 7 year differences between the par
ent and recruit generations. Except for the analysis using a five 
year difference, these models were not better than, and, in several 
cases, worse than a model specifying that no relationships exist 
among recorded yearly catches. Arranged in rank order, the 
spawner-recruit data were found to be coapatible with the assumption 
that they constitute a random sample from a log-normal distribution. 

4.233 Similar results were obtained by Goodyear (1979), who 
stated that a larae part of the observed fluctuations in the catch 
data used to derive estiaates of spawner and recruit population size 
is probably a result of random factors that affect the reported catch 
data or the striped bass population itself rather than a result of 
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campeDllation operatfDl'W1tbll1 thePopu!atiotl'~ ~oteiit 'thla-, be fIt
ted Ridker curYel.; to "raildOii' · ... t. of' .pwaePreerultf data base '01f 
catc:h stattjtlC11 for *rlp1f1 iba'- . treat' 'the "HU4~On' 'tl1vt.r' Usedln the 
Utlilty analysls. With the Ueept'1on ofth.'e. •• ' ualDg' a lift' year 
time lag between spawners aDd recrults, results of these curve ' 
flttinas to raDdOli uta ware s1ll1l.r to those fi~s obta1.ned in the 
Utillties' nalY.l_, ·t'IIIUc:at~_· tJik1: the ~U"~, -Palts1.s is also 
conalatent with the r"Ult~"t_t.·1IIOU1d·:~·~ttt~dfr_·r •• r."lonof 
random data (e.8 •• no H.l'&ttObah11' ulets beMeti:th8: 81ze ot, the 
adult spawiitnapoPu1.&tlbn 'JriicJ' ·tharaultl. 'prO**nY''popUlatlon). 

I) J - • . ' " 

4.234 "Dl. 'potent~al: ~l~ft,~~e ~f ~~~~Jr.~IIf.Ot1, fit~~d to a 
five year dlfference battlliaep' .~.ril aua recrtllta -USa-sted by the 
finding8 of RDb8(;a" (19~)- abdl:Odcl:Vea,t-' '(1919) ~.d.6tound to b'e 
unrelfa~le because 'thl. 1 .. 18 b'101UgtcllllY' ~n.'8otdable tdr: 'the, Hud
son River striped bass' ~tlon~ 't:hri8teDSen e't ar.' (1'979) have 
investilated 'the, uSe of}·t"~ flve-yIU'r: l~ iiM'd' 1;y the' U~Ultles to 
pair est_tes of jJ~.ti' '1Iitli recru!ta to' die .~' urial aeDeration 
t1ae apprOach, whfeh ~U1dli-etiutre longer: 1418 '~e •• ,'1be' Utility' 
analysis (called the proxy approach) is be.ad on·the beU.ef that 
striped bass older than S years old repreae~t, under equilibrium 
conditlona. tire cOlltrlbbt'1:Oil to IitJM1h&"'o!' S'~ar 01418 later in . 
life. The generiitiontt_ 'approaeh 'bdld. tb.t ~he best' Palrlng of 
apaWners aad recruits '1. tbe't.g tme cl0.eaf'to 'thegeheradim tiite 
of the PoPUlatlO1l.' The generation d,. i's apprOximately the age by . 
which a given "average" female fish bas contributed one-balf of her 
total expected lifetime egg production. . . . ,.", 

4.23SCbrist"on et' al. (1979) ba~~tht'.d the reliability 'ot 
the pro~ apjroach 'a .. ln.t'th~,ae.r8tlon' tlM + apprtnrebby fittiag ,. 
the Ricker cufie to '. a1Jn4a'tecl' ftt' of .pawb~rult' data in 'which 
the geDUetion titie i8 'actually 7 Y,8r8 ~ bttt fot" .t1h1t:h the 
appropriate lag using the prdxY approa~h would be ~year8. A value' 
of a -10 was specified for the simulated set of a data. Por all cases 
tested, the ..atell' of tile fitted! Ricker curVe t'othe' known underlying 
Ricker curVe u.ina a .eftn~ar 1.8 tb palt 8pa~T. and ~cruits was 
always better than the' IIiItcbt ~bbta1ned usiDg a fl;,eyear lag, 
indicating that the geilerat1(m 'time' app~~ach iii .uperier to the proxy 
approach. ,,' , .. 

4.236 ADal •• 'o~ ttbe ValUe' 'of a for the' 1l1cbr Curve. Once 
tbe llelcereiirii~ it beeil! ftifti.d to' t&crat.' oft \ Ji)aiiiwt. q and' , 
recruits, the value of the', par .... ter. can be det'ertdned~' The value 
of this parameter is used by the Utilities as an index of the amount 
of COllpen.atl:oil In the fl.It'~W..tlon. of the' lIb4aoil Rl'f1!r and is ' 
entered into the Eq1il1ibrl.' R8ctdCtlOi1 ~tlon: t6 ' deteftdne tbe long 
teni reductlouin eqU1.1tbr~ pol'tiatlOli 1.....,1' of 'flab populations. 
Determinations by the utilitle.'of the value of utiltzl~ data from 
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the Hudson River are presented in McFadden (1977), McFadden and 
Lawler (1977), Utility Exhibit 58, and Utility Exhibit 137 (1978). A 
value of 0 -4 has been concluded by the Utilities to be a conserva
tive estimate for the striped bass of the Hudson River. The reli
ability of this e.stimate is of critical importance to· the impact 
analysis because values of 0 less than 4 would result in estimates of 
population reduction much larger than those calculated using the 
value of 0 -4. Use of values of 0 greater than 4 would not result in 
impact estimates much less than those predicted using 0 -4 (see 
Figure 4- 9). -

4.237 The u.s. Environmental Protection Agency and their con-
sultants have evaluated the Utility estimates of 0 in Christensen et 
ale (1979), Fletcher and Deriso (1979), Goodyear (1979), and Ricker 
(1979) •. In general, these investigators have found that the estimate 
of a -4 for striped bass is unrealiable and that the value of a 
could be much less. 

4.238 Fletcher and Deriso (1979) and Ricker (1979) have both 
calculated a values for striped bass of less than 2. Fletcher and 
Deriso (1979) utilized Utility beach seine data as estimates of re
cruits. Spawners were estimated from catch data, but the pairing of 
spawners with recruits was adjusted by two years based on an analysis 
of the age composition of the catch. A value of a - 1.32 was calcu
lated. Use of this value in the equilibrium reduction equation would 
result in an estimate of reduction of 80 percent in the equilibrium 
population level of adults. Eliminating a questionable datum point 
and recalculating, gave an estimate of a - 1.604, which would result 
in an estimate of a 52 percent reduction in the equilibrium level of 
adults. The two calculations also indicate the large sensitivity of 
the Utility method to small changes in the value of a when a is 
small. Ricker (1979), working from the premise of Gulland's Rule 
(1970, 1971), calculated a value of ~ - 1.95. 

4.239 Goodyear (1979) fitted Ricker curves using the Utilities' 
method to random sets of spawner-recruit data based on catch statis
tics for striped bass from the Hudson River. Values of a of from 
2.74 to 4.28 were calculated from these data fits. Because such a 
set of random data can result in values of a similar to the 
Utilities' estimate of a -4, Goodyear states that the parameter 
estimate by the Utilities is unreliable and should not be used to 
forecast the long-term reduction in adults reSUlting from power plant 
mortality. 

4.240 The reliability of the estimate of a has also been exam-
ined by Christensen et ale (1979). Their approach, called validation 
analysis, involves fitting a Ricker curve using the Utilities methods 
to a simulated spawner-recruit data set for which the underlying 
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value of a ia known and ca.p~lrilll the value ofa eatiMtecl frOll the 
fitted curve to the known value. The ataulate'-t~ series of data 
utilized in the procedure is based on the salient ~har~teristics of 
the Hudson River eat~h data used by, the Utilities in their analysis. 
The rational behind the validation proeeclure is that if the predeter
ained value of a could be estt.&ted fro. the curvet fitted, to the 
siJlulated data u.ina the Utilities' _thocla, tb.ll it could be con.
cluded that the utility curle fittiua technique -1aht be a reliable 
method of pa.raeter estt.tion. If the va~uea of !: eatimated ,frOll 
curves fitted to the aimulated data sets were very dissimilar to the 
known true a for the data, then little or no confidence could be 
placed in the ability of the curve fitting te~tque to predict the 
value for real data froa the Hudson River. The general conclusion of 
the study vaa that the Utilities' curve fitting •• rcUe vas' inap
propria~e to the problea aDd proclueecl .s.slaadi11l results, and thus 
the estimates of a obtained are unreliable to the point of being use
less. The folloWing specific conclusions were reached: 

• For low true s1aulatedvalue. of Cl (l.0 ~r 1.25) in a simu
lated set of data, the curve- fittins exercise consistently 
tended to overestiaate the value of a. True values of Cl of 5 
or IlOre were usually under e.timated:-

• Chana.. in the estimate of a were unresponsive to changes in 
the true underlying value oT Cl for the .t.ulated set of data. 
As the true value of increased over the r4l1p of 1.25 to 20, 
the .. an value of the estimated a values increased from about 
2 to 3 for a true of 1.25 to about 4 to 6 for a true Cl of 20. 
Individual esti_ted values showed consi~erable variation. 

• Both the prOKy approach and the generation time approach of 
pairing apawners and recruits provided equally poor estimates 
of a frOll the simulated data set. 

• Adding a variable to the curve fitting procedure to account 
for the effects of variation in river flow had very little 
effect on the estimates of the value of a. 

~.24l Analysi. of the R!!l-Time Life=Cy~l! Model. The 
Utilities' Real-Ti_ Life-cycle MoCiel has been reviewed by Golumbek 
et al. (1979). The opinion of these authors is that the model is not 
a reliable tool for making sound fisheries manaaement decisions. The 
reasons for this opinion are discussed below. 

• The conditional entraiDaent mortality rate for striped bass 
loss predicted by the model for 1974 and 1975 (data against 
which model output is validated) is probably 1mderestimated 
by 23 to 24 percent. This is because the model tends to move 
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yolk-sac and post yolk-sac larvae to regions of the river 
below the regions containing the power plants. This finding 
is supported by the poor correlation of distribution of these 
larval stages as predicted in the model with field data 
gathered frOll the Hudson Jt1ver. 

• Because the cOilpensation included in the model cannot be ver
ified with field data (see ear~~~r~ctions above). the pre
diction of total mortality is probably an underestimate. 

• Contrary to t~ A~~~ "~I.-e~~ •• ~l .. lIek·et &1. (1979) 
believe that the ".trects -of the oPeration of the Lovett and 
Dansksmmer plants should be included in this model. 

• _ The predictiomi of' 'fUtUre impacts are not valid because of 
the uncertainties associated with utilizing the Ricker 
fo~ulation aDd 8U.:~alue of 4.0~ a. "aiscussed earlier. 

• The one-dimensional transport model used in the stochastic 
modeling of future conditions is invalid. 

• The independence among egg production and early life stage 
survival in the~del is inconsistent' with other testimony of 
the Utilities. 

• Use of the Beverton-Holt compensation function in the model 
is inconsistent with the use of the tUcker function elsewhere 
in the Utilities' analyses. 

• Use of variation in the freshwater flow in the model, while 
keep1aa life stage durationsaud early life stage survivals 
constant, is inconsistent with other Utility analyses that 
claim these three processes are related in the Hudson River. 

• Application of compensation in the model after year-class 
strength is set is inconsistent with other testimony of the 
Utilities. 

Contribution of Hudson River Striped Bass to the Atlantic Coastal 
Population 

4.242 Recent data gathered by Texas Instruments (1976) has 
narrowed the range of previous estimates of the contribution of the 
Hudson River striped bass stock to the Atlantic coastal population. 
Analysis of these data (Table 4-38) by Texas Instruments personnel 
indicated that the Chesapeake Bay stock contributed the largest share 
of the total coastal population between Cape Hatteras, North Carolina 
and Maine. The proportion of Hudson-spawned fish increased within 
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the western Long Island Sound-New York Bight Region to a maximum of 
15 to 32 percent. The Hudson River is the predominant source for 
sub-legal size striped bass. collected in the Long-Island Sound-New 
York Bight Region (see Appendix D). 

4.243 The data presented in Table 4-38 are discussed in more 
detail in Barnthouse et ale (1977). The values given are presented 
as a range because staff of the Oak Ridge National Laboratory felt 
that not enough information is yet available to evaluate indepen
dently the data analysis carried out in by Texas Instruments (1976). 

Impacts to Endangered or Threatened SpeCies 

4.244 The shortnose sturgeon. an endangered species. and the 
Atlantic sturgeon. considered threatened. occur in the Hudson River 
and may be affected by power plant operation. Although five power 
plants are found along the Hudson River within the spawning range of 
the Atlantic sturgeon. it appears that very few eggs and juveniles 
are entrained (Central Hudson Gas and Electric 1977; Orange and Rock
land, 1977; Lawler and McFadden, 1977). Available data presented in 
Table 4-39 indicate that less than 1 percent of Atlantic sturgeon 
juveniles are presently impinged by Hudson River power plants (total 
juvenile population estimated at 100,000) (Dovel. 1979). However. it 
is likely that a higher percentage may be impinged as a result of new 
units coming on-line at Indian Point. Dovel (1979) estimates that 
more than 1 percent of the juvenile population may be impinged 
annually at Indian Point alone. Although many sturgeon impinged at 
Bowline Point and Roseton are returned to the river alive there may , 
be significant sublethal effects resulting in additional mortality 
population reduction. Sturgeon impinged at Indian Point are not 
returned to the river alive. 

4.245 It has been reported by Huff et al. (as cited in Dovel. 
1979) that 22 shortnose sturgeon were impinged by Hudson River power ~ 
plants between 1972 and 1976. However. Dovel has stated that this is 
likely to be an underestimate. Three of the 22 shortnose sturgeon 
impinged were longer then 60 cm, demonstrating that mature sturgeon . .. 
may be eliminated from the population by power plants. Few shortnose . 
sturgeon eggs, larvae. and juveniles are entrained by the Hudson 
River power plants under consideration in this document. 

4.246 Both species of sturgeon found in the Hudson River have 
been negatively affected by human activities that have involved 
alteration of spawning/brooding habitats, degradation of water qual
ity, and overfishing. This has resulted in severe reductions below 
historical population levels. Sturgeon populations are especially 
susceptible to mortality because an individual must survive for up to 
12 to 18 years before any reproduction is possible. Hudson River 
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YEAR 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

BOWLINE POINT 
CAGGIll IN 1.:5'. lY.AfED 

S,\}iPLE.Sa TOTALSb 

14 127 

6 43 

18 115 

5 26 

3 11 

4 

TABLE 4-39 

ATLANTIC STURGEON IMPINGED ON INTAKE SCREENS AT lIUDSON RIVER POWER PLANTS 

pmvER PLA...'lT 

LOVETT INDIAN POINT ROSETON DANS KAMMER POINT 
CA\;GHT IN ESTf!·IATED CAUGHT Dl CAUGHT IN ESTIHATED CAUGHT l11i ESTUlATED 

SANPLESa TOTALSb SAHPLCSa SAHPLESa TOTA1Sb SA}!PLESa TOTALSb 

35d 

8 107 48 3 11 7 84 

9 75 135 4 14 5 53 

3 21 123 9 80 1 9 

1 6 17 2 15 1 9 

0 0 197 11 59 6 35 
If 

~ - Information not available. 

aActual count of fish impinged during sampling periods 

bConsolidated Edison estimated of total impinged sturgeon, obtained from extrapolation of total sample water volumes. 

c 
Sum of actual count at Indian Point and estimated total numbers at other plants unless otherwise noted. 

dDoes not include any Atlantic sturgeon impinged before June 1, 1972 

eFrom Hoff et al.(1979) as cited in Dovel (1979) 

f As of 5 June, 1978 

Source: Dovel, 1979 

( ( 

TOTAL 

HIe 

377 

320 

348 

73 

302 

( 
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power plants now appear to affect only a small number of sturgeon. 
However, if sturgeon populations begin to recover, as Dovel (1979) 
maintains is po •• lble, power plant impacts on sturgeon may become 
more substantial. 

IMPACTS ON HUMAN RESOURCES 

4.247 The principal function served by the Bowline Point Gen-
erating Station and other generating stations on the Hudson River, in 
relation to the human resources of the study area, is the supply of 
electrical enerlY. The station contributes to the area's economy and 
the welfare of its inhabitants by providing energy to meet the needs 
of residential consUBers, industry, caa.erce and the public sector. 

4.248 As part of the integrated network of the New York Power 
Pool, the Bowline Point station and the other power plants on the 
Hudson River estuary are operated to yield the highest degree of re
liability and economy in the supply of electrical energy. Contrac
tual agreements aaong member companies of the pool provide for coor
dination in the participants' electric sys~ems and a sharing in the 
benefits that can be realized through such coordination. Electrical 
energy in bulk i. transmitted routinely into, through, and out of the 
study area (New York Power Pool, 1976).* The benefits associated 
with electrical energy generated within the area, therefore, may be 
distributed well beyond ita boundaries and, conversely, the area's 
residents could derive benefits from electrical energy generated in 
power plants located outside of the area. 

4.249 'l1le adverse impacts resulting from the construction and 
operation of power plants, on the other hand, tend to be lIlore local
ized. Notable exceptions are such phenomena as the widespread 
transport of pollutants and the propagation of e~ological effects, 
the implications of which may be far reaching. With these excep
tions, it appears that the environmental costs of generating elec
trical energy are borne disproportionately by a segment of the pop
ulation I8nerally smaller than the segment deriving the associated 
benefits. 

*Pull economic integration in the day-to-day operations of the New 
York Power Pool was realized in 1917. Energy to uaeet the needs 
of all customers of the member companies is generated in 
the 1I08t econa.1cal manner, and account is taken of the effi
ciency of the generating units within the system. the cost of 
fuels, and the availability of individual units as well as trans
mission, reliability and other technical constraints. 
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4.250 The notion of arriving at an equitable distribution of 
benefits and costs has attracted considerable attention, particularly 
in the case of power plants on the Hudson River estuary (for example, 
Mid-Hudson Patterns for Progress, 1976). The question, of equity is 
recognized here as an important element in gauging the socioeconomic 
impacts associated With the operation of the Bowline Point Generating. 
Station and other plants on the Hudson River. The related issues, 
hwoever, are controversial and remain largely unresolved. Accord
ingly, the approach followed in the present analysis focuses on the 
socioeconomic effects that are evident and potential effects that may 
be anticipated from the continued operation of the Bowline Point and 
Roseton stations. No attempt is made to subdivide the study area or 
to consider whether the study area as a whole is a net importer or 
exporter of electrical energy. 

Visual Impacts 

4.251 The Bowline Point Station appears massive against the 
background of the Villages of Haverstraw and West Haverstraw. Plant 
structures are extremely conspicuous from many residentail and com
mercial sections in the Vicinity. The central building, stacks and 
fuel loading facility are particularly dominant features in the view 
from much of the riverfront and the east bank of the Hudson River. 

4.252 In its setting, the Bowline Point Generating Station is 
a severe visual intrusion. The intensity of the associated impact is 
attributed mostly to the scale of the plant structures and the sensi
tivity of the affected area. Concealment of the plant is virtually 
impossible due to the local terrain, and the height and starkness of 
the structures generally compound the effect of bulk. Although the 
plant is sited in an industrial zone, it is distinguishable from 
neighboring residential deVelopments and the scenic shoreline of the 
Hudson River. In addition, a negative value is generally ascribed to 
large functional buildings where they dominate the visual elements of 
their immediate environs. 

4.253 Reservations concerning the architectural merits of the 
power plant structures have been expressed by the Hudson River Valley 
Planning Commission. Despite such shortcomings, however, the Bowline 
Point station presents the functional aspect of a modern. oil-fired 
power plant. Equipment, piping and cables are, to a large extent, 
enclosed or buried. An earthen berm surrounding the fuel oil storage 
area provides partial conc~alment of the tanks and related equipment. 
The exterior color of the main buildings and other major components 
of the plant have been selected to reduce the visibility of the 
structures. The plant area has generally benefited from the site 
preparation work involving the removal of discarded automobiles and 
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other trash, improved drainage and vegetation and pest control mea
sures. Landscaping, particularly in the area of the Bowline Point 
recreational facility, is adequate. 

4.254 Certain factors tend to mitigate the visual impact of ~he 
Bowline Point station. The'se stem from the long history of develop
ment on the Hudson River and the numerous visible signs of industrial 
activity along its shores. Manufacturing plants, quarries, fuel 
storage facilities, and transportation terminals are commonplace. 
Major electrical generating facilities sited upstream of Bowline 
Point include the Lovett Generating Station, in operation since 1949; 
the Indian Point Station, where construction of the first unit began' 
in 1956; and the Danskammer Generating Station, in operation since 
1951. The Bowline Point Station is not a unique installation along 
the reach of the Hudson River between the Tappan ~e and Mid-Hudson 
Bridges, but, together with the Roseton and the'la'ter units at Indian 
Point, represent successive additions of relatively familiar features 
in the visual setting. To a limited extent, the incongruity of the 
Bowline Point Station at its present location is diminished by the 
presence of similar facilities within the area. 

4.255 The visual dominance of the Bowline Point Station will be 
aggravated by the installation of a closed-cycle cooling system at 
the station. An artist's impression, shown in Figure 4-10 illus
trates the effect of adding massive natural draft cooling+towers, 
tentatively identified by Orange and Rockland as the preferred 
closed-cycle cooling alternative. The towers would be 393 feet in 
height, 315 feet in base diameter (Orange and Rockland, 1977). 
Visible plumes from the towers, expected to occur frequently during 
operation~ could add moderately to the visual intrusion (U.S. Nuclear 
Regulatory Commission, 1976). Cooling systems with mechanically 
assisted towers might be applied at the Bowline Point station as 
practical alternatives. These structures are not as high as the 
equivalent natural draft towers and dimensions are generally more 
proportionate to the existing structures. Visible plumes generated 
by mechanical draft towers would remain closer to ground level. An 
alternative that might prove to be technically feasible (Section 6) 
is to provide cooling for the station with a single natural draft or 
mechanical draft towe~. This would require a cooling tower with a 
base area roughly double that of the duel towers discussed above. In 
the case of natural draft towers, a comminserate increase in height 
would be needed to generate an adequate flow of air; in the case of a 
mechanical draft tower, a single tower effectively represents a re
configuration of the modules or "cells" making up the duel tower sys
tem. The potential visual impacts of cooling towers, if these are 
installed at Indian Point Units 2 and 3, have been studies extensive
ly and are considered by the U.S. Nuclear Regulatory Commission to be 
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FIGURE 4-10 
ARTIST'S IMPRESSION OF THE BOWLINE POINT GENERATING STATION 

WITH AND WITHOUT COOLING TOWERS 
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the "most socially and economically consequential of the various pos
sible environmental impacts" associated with closed-cycle cooling at 
the Indian Point units (U.S. Nuclear Regulatory Commission, 1976). 
Considerable oppo8ition to cooling towers at the Indian Point units 
has been expressed by the Village of Buchanan, the City of Peekskill 
and others (U.S. ~lear Regulatory Commission, 1976). 

Noise Impacts 

. 4.256 In the initial months of operation, mechanical noise 
from large fans used at the Bowline Point Station to induce the flow 
of air and combustion gases through the boiler and stacks, wassuffi~ 
cient to elicit complaints from local residents in the immediate 
vicinity. Orange and Rockland installed the appropriate silenCing 
equipment and eliminated the source of annoyance. There have been no 
subsequent complaints concerning noise from the power plant (Rotella, 
1977). 

4.257 During construction of the cooling towers, noise levels 
will increase due to fabrication and removal of concrete forms, and 
the use of cranes, concrete trucks, and excavation equipment. How
ever, the noise will occur only during working hours and will be tem
porary. 

4.258 The level of noise generated by the station may be ex-
pected to rise as a result of the operation of a closed-cycle cool
ing system. Operational noise level in large natural draft towers is 
generally in the range of 80 to 90 dB(A) (Edmonds et al., 1974). The 
noise is associated primarily with the falling of water through the 
towers and the noise generated by the flow of large volumes of air 
(U.S. Environmental Protection Agency, 1974). Beyond a very short 
distance from the towers, the sound is "white" or broad spectrum and 
free of impulses or prominent discrete tone characteristics. During 
periods of continuous operation, the sound remains constant in level 
and blends readily in the audible background (U.S. Nuclear Regulatory 
Commission, 1976). 

4.259 Propagation of the sound is affected by many factors, 
including atmospheric absorption, topography, barriers and vegetative 
cover. Accordingly, a site-specific study is required to establish 
the precise sound levels that would be generated by cooling towers 
serving the Bowline Point station. No analysis of the noise aspect 
of closed-cycle cooling at the station has been carried out to date 
(Orange and Rockland, 1976). Drawing a parallel with the natural 
draft cooling tower proposed for Unit 2 of the Indian Point Station 
(U.S. Nuclear Regulatory CommiSSion, 1976), it is estimated, for 
present purposes, that noise increments of the order of 0.5 to 1.5 dB 
in A-weighted day-night equivalent sound levels (LDN) might be 
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experienced in the residential areas surrounding the Bowline Point 
station. Increases of this magnitude are considered unlikely to 
cause reaction fro. the communities in the vicinity of Indian Point 
(U.S. Nuclear Regulatory Caam1ssion, 1976). The situation may differ 
somewhat in Haverstraw because of the proxiaity of neighborhoods to 
the order of 40 dBA"(Orange and Rockland, 1972) characterizing a 
quiet residential area (New York State Department of Environmental 
Conservation, 1974). 

Public Safety 

4.260 The operating plant and storage of fuel oil at the 
Bowline Point station constitute a finite risk of explosion and fire. 
However, the likelihood of damage occurring beyond the station boun
darie~ as a result of an accident at the plant i8 remote. All major 
equipment installed at the Bowline Point station is of standard de
Sign, with a record of safety and reliability established by exten
sive application in generating stations throughout the country. "The 
plant is operated in accordance with procedures adopted widely by the 
utility industry. Fire protection systems in the main plant area and 
fuel storage facility are designed to provide adequate capability to 
extinguish major fires and prevent their spreading. An interconnec
tion between the two systems ensures added backup capability in the 
event of a serious emergency (Orange and Rockland, 1971). The asso
ciated hazard to public safety is considered to be at a generally ac
ceptable level. 

4.261 Fuel oil is delivered to the site by barge or tankers. 
River traffic to and from the plant is readily accommodated and p08es 
no undue hazard to ~terborne commerce or ple~sure boating. Occa
sional deliveries of equipment and materials to the power plant con
stitute a minor demand on railroad and transportation systems "serving 
the area. The power plant is staffed continuously with three work 
shifts per day. At times of shift changes, automobile traffic in the 
vicinity of the plants increases but causes no appreciable congestion 
or unusual hazard on local roads (Rotella, 1976). 

EmplOyment and Local Economy 

4.262 The Bowline Point Generating Station provides employment 
for a work force of 100 persons that includes plant operators, 
maintenance staff and administrative personnel (Chapter 3). 
Employees reside in a Wide area surrounding the station and cOmmute 
to work (established during site visit on 3 and 4 November 1976). 

4.263 The owners of the Bowline Point station make annual tax 
payments amounting to approximately $8 million to the Town of 
Haverstraw and the Village of Haverstraw. Details of these paYments 
are as follows: 
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1975 
1976 
1977 

TOWN OF HAVERSTRAW VILLAGE OF 
HAVERSTRAW STATE AND COUNTY SCHOOL TAX 

$2,730,000 
$3,028,000 
$3,003,000 

$4,700,000 $175,000 
$4,900,000 $176,000 

Not Available 

Information supplied by Orange and Rockland, Utilities, Inc •• 

4.264 The service requirements of the operating station are 
readily accommodated by the local infrastructure (Rotella, 1976; 
1977). Water is supplied to the station by the municipal system at 
the rate of 275,000 gallons per day_ Approximately 19,000 gallons 
per day are returned as sanitary and miscellaneous wastes (Chapter 1 
and 4) for treatment by the sewage treatment plant. The design 
capacity of the treatment facility is 4 million gallons per day and 
is currently adequate (Rotella, 1976; 1977). Small quantities of 
solid wastes are generated by the operation of the station. Oily 
wastes and chemical wastes from certain maintenance cleaning 
procedures (Chapter 4) are disposed of through commercial 
contractors. 

4.265 Construction of cooling towers, if these are installed 
at the Bowline Point station, is expected to lead to an increase in 
local traffic and employment. The construction period would extend 
over two years (Orange and Rockland, December 1974a) and involve an 
average of 125 workers per year. Orange and Rockland estimates that 
approximately one-third of the work force would be composed of local 
residents, the remainder being drawn from the surrounding area. It 
appears unlikely that the construction work would attract a signifi
cant number of people to establish a permanent ·residence in the 
vicinity of the power plant. Cooling towers would add an estimated 
$70 million in capital costs to the value of the station, leading to 
an increase in local property taxes. 
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Historical Resources 

4.266 On the basis of criteria* developed by the U.S. De-
partment of the Interior to determine the effect of a Federal, 
Federally-assisted or Federally-licensed undertaking on properties 
included in or eligible for inclusion in the National Register of 
Historic places (39 FR, No. 18), the Bowline Point and other gener
ating stations could have adverse impacts on certain historic prop
erties listed in Table 2-17 by virtue of the visibility of the 
stations. I.t is impossible to estimate quantitatively in the sever
ity of these impacts. The Bowline Point station is highly visible 
and dominant in its setting. Certain factors, discussed above, how-' 
ever, may tend to mitigate the visual effects of the station. 

4.267_ As discussed earlier in Chapter 4, operation of evapora-
tive closed-cycle cooling systems at the Bowline Point and Roseton 
generating stations gives rise to the depoSition of salt and a remote 
possibility of generating acidic mists. There is a small attendant 
risk of causing damage to properties, including those of historic 
interest in the immediate vicinity of the Bowline Point and Roseton 
generating stations (Chapter 2). As discussed in detail in Chapter 
6, the retrofitting of a closed cycle cooling system at each of these 
stations would entail a reduction in generating capacity and overall 
efficiency of the station. In addition to the initial capital cost 
of the closed-cycle cooling system, there are both economic and 
energy penalties associated with this loss in efficiency. Further, 
the operation of an evaporative cooling system would give rise to an 
increased consumptive use of water, estimated in an earlier part of 
the pr~sent analysis to be of the order of 1.5 to 2 times the current 
level of consumption. 

*The criteria are: 
"Generally, adverse effects occur under conditions which 
include but are not limited to: 
(a) Destruction or alteration of all or part of a property; 
(b) Isolation from or alteration of its surrounding 

environment; 
(c) Introduction of visual, audible, or atmospheric elements 

that are out of character with the property or alter its 
setting; 

(d) Transfer or sale of a Federally-owned property without 
adequate conditions or restrictions regarding preserva
tion, maintenance, or use; and 

(e) Neglect of a property resulting in its deterioration or 
destruction." 
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CHAPTER 5 
ADVERSE IMPACTS THAT CANNOT BE AVOIDED 

5.01 The principal unavoidable ~pacts associated with the 
operation of the Bowline Point and Roseton Generating Stations are 
those occasioned by the physical presence of the power plants (visi
bility and occupation of land), the release of combustion products 
and the rejection of waste heat. Both stations are in commercial 
operation and the unavoidable effects experienced during the con
struction phase of the projects have completely subsided. There are 
no indications of tangible, deleterious effects that have persisted 
from the influx of a large labor force and material, the generation 
of noise and dust, site clearing, grading, filling, excavation and 
other activities likely to lead to erosion and turbidity and silta
tion in nearby surface waters. There are no reasons to believe that 
the construction of the Bowline Point and Roseton stations has 
affected groundwaters in their vicinities, or that groundwaters would 
be affected by the continued operation of these stations. 

5.02 Both the Bowline Point and Roseton stations occupy rela
tively small tracts of land (245 acres and 133 acres, respectively) 
located at sites previously used by or in the vicinity of brickworks. 
In relation to the area of the lower Hudson. River Valley, the land 
com.itted to the Bowline Point, Roseton, and other existing 
generating stations represents a saall loss of wildlife habitat and 
agricultural and recreational resources. In view of previous uses of 
land at the Bowline Point and Roseton sites, no areas considered to 
be prime agricultural lands have been committed. The subject power 
plants, however, are highly visible from the river and riverfront. 
While there are no indications that the power plants have depressed 
property values. in their Uamadiate vicinities, the visibility of the 
stations could act as a deterrent to future developments or redevel
opments in the area. Closed-cycle cooling systems at either or both 
stations would intensify their visual impact, particularly if evap
orative natural draft cooling towers are installed. 

5.03 Combustion products released by the Bowline Point and 
Roseton Generating Stations consist .ostly of carbon dioxide and 
water vapor. There are no practical means of containing or control
ling the release of carbon dioxide. The observed steady growth in 
the concentration of carbon dioxide in the atmosphere, attributed 
principally to the rapidly increasing use of fossil fuels since the 
turn of the century, is a factor linked closely to a potential inad
vertent .odification of cli.ate on a global scale (see, for example, 
Machta and Telegadas, 1974). In this context, the contribution of 
the Bowline Point and Roseton stations to the carbon dioxide load on 
the atmosphere .ust be recognized as an unavoidable effect. No sig
nificant localized or regional modifications of the weather, however, 
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are anticipated as a result of the release of carbon dioxide from 
fossil-fueled power pl~ts on the Hudson River. Similarly, pertur
bations in temperature and the moisture content of the abDosphere, 
caused by the release of combustion products and the rejection of 
waste heat (even through evaporative cooling techniques), are not 
expected to give rise to any significant meteorological effects 
(Koenig and Bhumralkar, 1974). 

5.04 Together with carbon dioxide and water vapor, the air
borne emissions from the Bowline Point and RoBeton stations contain 
measurable quantities of oxides of sulfur and nitrogen and particu
lates derived mainly from mineral matter present in the fuel oil. 
Emissions of theae subatances meet all New York State Standards 
applicable to atationary combustion installationa (6NYCRR227). State 
ambient air quality standards currently in effect (6 RYCRR 257, 
effective 18 Karch 1977) are not being exceeded as a result of the 
operation of the Bowline Point Station. Central Hudson reports that 
since 1 AuguBt 1976 when the sulfur content of oil burned at the 
Danskammer power plant was reduced from 2.0 to 1.0 percent by weight, 
standards related to the concentration of sulfur dioxide are no 
longer being exceeded in the vicinity of the Roseton station. The 
Federal secondary standard for ambient concentrations of particulate 
matter (40 CPR 50.5) is being exceeded occasionally in the vicinity 
of the Roseton Station. There are no indications of significant 
interactions of a cumulative nature among the airborne eaissions from 
fossil fueled pover stations on the Hudson River estuary_ These 
eaissions, nonetheless, contribute to the general level of airborne 
contaminants in the lower Hudson River Valley. 

5.05 Emissions of sulfur and nitrogen compounds will contri
bute to the overall regional concentrations of sulfate and nitrate 
aerosols and the attendant hazards of acid precipitation in the 
northeastern United States (see, for example, u.s. DeparbDent of 
Agriculture, 1976). The interaction of stack gases with atmospheric 
moisture could, in principle, lead to the formation of acidic mists. 
This phenomenon could become more prevalent if evaporative cooling 
systeas are installed at the Bowline Point and Roseton generating 
stations and if the fumes from the stack and cooling systems interact 
at either station. Experience to date, however, has not shown that 
such interactions lead to appreciable problems at ground level. 

5.06 In addition to the gross contaminants, certain compounds 
and el.-ents are released in relatively saall or trace quantities 
with the cOlibustion gases. AIIong these are carbon monoxide, hydro
carbons and aldehydes and a number of trace metala and their deriva
tives. Trace elements contained in crude oil, other than sulfur and 
those nomally considered to be constituents of mineral matter 
(silicon, aluminum, iron, titanium, calcium and the alkali metals), 
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include vanadiu., nickel, zinc and copper in concentrations that 
vary, especially with the source of oil (Babcock and Wilcox, 1972). 
The distillation of crude oil causes virtually all of the metallic 
.caapounds and a large part of the sulfur compounds to concentrate in 
the residue of the process, that is, in re.idual fuel oil (Babcock 
and Wilcox, 1972) of the type burned at the Bowline Point and Roleton 
stations. 

5.07 Relatively little is known about the mobilization and 
ultimate fate of the trace constituents of fuel oil burned in power 
plants. Recent investigations have dealt with coal fired plants and 
demonstrated that the disposition of trace elements and compounds is 
determined largely by their volatility (Batush et al., 1974; Kaakinen 
et al., 1975; Klein et al., 1975). The most volatile substances 
probably are discharged in the gaseous phase. Others, including 
zinc, tend to concentrate in the fly ash discharged from the stack, 
while the least volatile substances are retained within the boilers. 
It is unclear at present whether vanadium and nickel exhibit the 
characteristics of the least volatile substances or whether there is 
a certain tendency for these substancel to escape. Rough parallels 
may be drawn in the case of fuel oil coabustion and it is expected 
that at least some of the trace constituents of the fuel are 
released. However, successful efforts at recovering vanadium commer
cially from slag, bottoa ash and boiler deposits at the Albany sta
tion and other oil-fueled stations (Electrical World, 1977; O'Beal, 
1977; Lalena, 1977) have shown that a substantial portion of the 
vanadium present in the fuel oil is retained within the combustion 
system. The behavior of copper is unknown. 

5.08 Considerable attention is focused on the trace contami
nants from the coabultion of fOlsil fuels because of the carcinogeni
city or suspected carcinogenicity of several of the elements and 
compounds involved (Kornreich, 1976). Accordingly, the release of 
these substances froa the Bowline Point, Roseton and other fossil 
fueled stations on the Hudlon liver e.tuary, is regarded as a contri
butory risk to public health, pre.ently unavoidable and of unknown 
severity. 

5.09 The withdrawal of water from the Hudson River to provide 
the means of rejecting waste heat and satisfy other service require
ments givel rise to certain unavoidable effects. Under present 
conditionl, the withdrawal of water by power plants on the Hudson 
River estuary results in the destruction of aquatic organisms by 
entrainment and impingement. Iltigatel of the extent of the damage 
are still the sub·ect of serious scientific debate. Research has 
een ocused principally on the effect that the continued operation 

of existing power plants with once through cooling would have on the 
population of striped bass in the Hudson River. 
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5.10 Present estbaates of the utilities are that the striped 
bass population would be reduced on the average fro. 8 to 11 percent 
wi th coatinued operation of exiltilll power plants wi th once-through 
coolilll systems on the Hudson River. White perch population could be 
reduced up to 14 percent. Data are not availa~le on possible losses 
of other species. Staff of the U.S. Environmental Protection Agency 
believe that estimates are unreliable and that filh population could 
be affected to a auch larger extent. The installation of evaporative 
closed-cycle coolilll system. at all the eligible power plants on the 
river would reduce but not entirely eliminate the de.truction of 
aquatic oraani.... Power plants not subject to the potential . 
requira.epts to install clo.ed-cycle cooling systems would continue 
to operate with open-cycle coolilll. Moreover. 80me withdraWal of 
water would be needed at the power plants with closed-cycle cooling . 
to compens.te for operational los .. s of water. Notwithstanding the 
unresolved issues, it is evident that same destruction of aquatic 
organisms is an unavoidable consequence of the operation of the power 
plants, even with the installation of closed-cycle cooling systems. 
On the other hand, there is sufficient evidence to suggest that this 
destruction could be reduced from present levels by means other than 
cooling towers. In the case of the Bowline Point and Roseton 
stations, the water intake structures and screenina mechanisms could 
be modified to take advantage of recent,developments in techniques 
aimed at reducing d.age to fish as a result of impingement (Chapter 
6). A second approach is that of coordinating the operation of power 
plants on the river and el.ewhere in New York State so as to avoid 
affecting critical areas at critical tiaes (Chapter 6). It is 
impossible, at present, to predict how successful, if at all, such 
measures would prove to be. 

5.11 Other potential. iapacts a •• ociated with the operation of 
the Bowline Point and Roseton Generating Stations areminiaized 
through the application of appropriate mitigating measure.. The 
release of waterborne cont_inants (except heat) reflects the appli
cation oflthe best available control technology econoaically achiev
able, in the context of Section 301 of the Federal Water Pollution 
Control Act of 1972 (PL 92-500), at both power plants. The attendant 
tapacts on the waters of the Hudson River are small. Small quanti
ties of solid waste,such as ash, spent resins and .hcellaneous 
trash, as well as waste solutiOns generated by cleaning and other 
maintenance operations, are disposed of by ca.mercial contractors. 
Noise from the operating stations is abated by the appropriate sup
pression equip.ent to levels sufficiently low to be acceptable to 
resident communities in the vicinity of the power stations.· 
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5.12 Fuel oil is delivered to both stations by barge or 
tanker, and added traffic on the Hudson River poses the risk of oil 
spillage and an additional hazard to coamercial and recreational 
navigation. Both Orange and Rockland and Central Hudson have 
deYeloped spill prevention control and countermeasure plans (Orange 
and Rockland, 1974; Central Hudson, 1974) covering these c03panies' 
facilities on the Hudson River and incorporating all applicable 
regulations of the U.S. Coast Guard and U.S. Environmental ?rotection 
Agency (40 eFR 112). These plans set forth inspection and ~perating 
procedures related to the receiving, storage and transfer oi fuel oil 
and countermeasures and reporting procedures to be followed in the 
event 9f spills. The procedures combine regulations and sound 
engineering practices to ensure that the risk of discharging oil in 
harmful quantities is minimized. 

5.13 Notwithstanding the ~tigating measures that have been 
taken, residual effects and risks persist. In many instances, these 
could be reduced further through the application of technological 
controls, procedures and other available measures. The exercise of 
additional control, however, is presently not considered to be war
ranted since the health, safety and welfare of the public are not 
unduly comprimised. 

5.14 The use of evaporative closed-cycle cooling introduces a 
possibility, albeit .. all, of ground level fogging and icing, air 
increase in the formation of acidic mists, generation of noise, and 
deposition of salt (Chapter 6). The phenomenon of drift, Which can 
be reduced to low levels but not entirely el~inated, is responsible 
for the spread of dissolved and suspended substances contained in the 
source of cooling water. Damage to vegetation from the deposition of 
salt is a possibility. Also noteworthy is the presence of 
polychlorinated biphenyl compounds predoainantly in the sediment of 
the Hudson River. Although the concentration of these substances in 
solution or suspension may be extra.ely low, their mobility and high 
toxicity to humans and other an~als are factors that warrant 
consideration as elements of risk associated with the long-term 
operation of the power plants with closed-cycle cooling. 
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CHAPTER 6 

ALTERNATIVE ACTIONS 

6.01 The District has considered several alternative actions 
related to its permit authorizing construction in the navigable 
waters of the Mudson River of water intake structures forming part of 
the Bowline Point Generating Stations. The alternatives available to 
the District are to (1) retain unaltered the present permit and 
related conditions, (2) modify the permit through the imposition of 
additional conditions, (3) suspend the permit, or (4) revoke the 
permit. 

6.02 Retention of the present permit would allow Orange and 
Rockland to operate the Bowline Point station without additional 
regulatory restrictions imposed by the District. Operation could 
continue throughout the operational life of the plant with the 
existing once-through cooling system, unless a closed-cycle cooling 
system is installed at the station in accordance with the current 
requirements of the U.S. Environmental Protection Agency. Therefore, 
the District has analyzed the impacts associated with the operation 
of the Bowline Point station under conditions of both open-cycle and 
closed-cycle cooling (Section 4). The owners of the Bowline Point 
station are contesting the I¥!ed for closed-cycle cooling and 
adjudicatory hearings on the matter are being held before the u.S. 
Environmental Protection Agency (Appendix B). 

6.03 The imposition of special conditions, in addition to those 
currently specified in the subject permit, has been considered as the 
second possible course of action. These conditions could apply to 
the operation of Bowline Point station with once-through or with a 
closed-cycle cooling. Suspension of the District's permit, a third 
possibility would require the Bowline Point station to be shut down 
until a closed-cycle cooling system is installed. The fourth 
alternative, revocation of the permit, would cause the permanent 
abandonment of the plant. 

6.04 The same alternatives are available to the District in the 
case of the permi~ issued in connection with the Roseton Generating 
Station. The U.S. Environmental Protection Agency requires that a 
closed-cycle cooling system be installed at the Roseton station and 
the owners are contesting this requirement. Accordingly, the 
District has evaluated the impacts associated with the various 
alternative actions applied to the Roseton station in the context of 
continued operation with open-cycle and closed-cycle cooling. 
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ALTERNATIVE ACTIONS RELATED TO THE BOWLINE POINT STATION 

6.05 The current National Pollutant Discharge Elimination 
System permit governing waterborne discharges from the Bowline Point 
station requires-that operational levels of closed-cycle cooling be 
attained by 1 July 1981. A final selection of the type of closed
cycle system to be installed at the station, should the requirement 
for closed cycle cooling remain in effect, has not been made to date. 
Orange and Rockland has identified evaporative, natural draft cooling 
towers as the preferred closed-cycle cooling option. A preliminary 
study (Orange and Rockland, 1974) has demonstrated the engineering 
feasibility of installing this type of cooling system at the Bowline 
Point station and established a first estimate of the monetary costs 
involved. 

Retention of Present Permit 

6.06 The principal advantages of retaining the present permit 
stem from the unencumbered operation of the facility and, if a 
closed-cycle cooling is ultimately installed, an orderly transition 
from operation with open-cycle to closed-cycle cooling. While 
operating without additional restrictions, the Bowline Point station 
would continue to generate electrical energy to meet the needs of 
customers served by Orange and Rockland. and contribute to the 
reliability and economy of operation of the New York Power Pool 
(Appendix C). A closed-cycle cooling system, if retrofitted in 
accordance with the stipulations of the current National Pollutant 
Discharge Elimination System permit, would be brought into operation 
within a period of approximately 4 1/2 years, allowing sufficient 
time to draw up the detailed specifications and design of the system, 
secure the necessary authorizations, complete construction and 
testing and, finally, tie in the cooling system to the rest of the 
plant. At the time of the Draft Environmental Statement, a pre
liminary schedule (Orange and Rockland, 1974) showed that construc
tion would proceed over subsequent three years until both towers are 
completed and equipped with the necessary internal compQnents. 
Testing and tie-in would extend over two months. 

6.07 Retention of the permit implies that the impacts asso
ciated with the operation of the Bowline Point station on open-cycle 
cooling (Chapter 4) would continue to prevail, either for an interim 
period or until the power plant is retired, depending on the outcome 
of hearings before the U.S. Environmental Protection Agency. The 
principal intent of installing closed-cycle cooling at the Bowline 
Point station is to reduce the rate of intake of cooling water to 2 
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or 3 percent of that needed for once-through cooling and, thereby, 
reduce damase caused by entrainment and impingement of striped bass 
and other aquatic organisms. 

6.08 This reduction could be effected by installing one of 
several alterD4tive closed-cycle cooling systems, each involving a 
distinctive set of environmental tradeoffs relating to land and water 
use, the release of water vapor and spray to the atmosphere, the 
generation of nOise, the visual features of the cooling system, and 
monetary costs. In the analysis of impacts documented so far 
(Chapter 4), closed-cycle cooling has been treated generically, that 
is, without consideration of a specific type of cooling system. 
Exceptions have been made where impacts cannot be assessed without 
reference to a particular type of system. In such instances, the 
impacts described are those related to evaporative natural draft 
towers. The analysis is extended here to consider all of the 
practical cooling alternatives that might be applied at the Bowline 
Point station, thereby assessing a range of possible implications 
associated with the retention of the subject permit. 

Cooling Alternatives* 

6.09 The once-through or open-cycle technique of rejecting 
waste heat from an operating steam electric power plant involves a 
constant withdrawal of cooling water from a suitable source, cir
culation of the water through the plant condensers and discharge of 
the heated stream to receiving waters. In a closed-cycle cooling 
system, heated water from the condenser is passed through a cooling 
device and is next recycled to the condenser. If cooling is effected 
to a substantial degree (25 to 75 percent) through evaporation of a 
portion of the Circulating water, the device is said to be evapora
tive. In such a system, the balance of the waste heat is rejected 
through the transfer of heat to air. Dry cooling operates entirely 
on this latter principle. Heat is rejected without any direct 
contact between air and water, that is, without the assistance of 
evaporation or the attendant loss of water. Wet-and-dry systems 
combine the features of evaporative and dry cooling. 

6.10 Evaporative cooling systems require a constant supply of 
water to compensate for evaporative losses, drift (water droplets 
entrained by the flow of air or wind), and blowdown (a continuous or 
intermittent purge from the system to avoid an undue buildup of 
dissolved matter in the cooling water inventory). Although drift 

*A more detailed treatment of the technical characteristics of 
closed cycle cooling systems is given in Appendix D. 
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represents the least important component of water consumption, con
siderable attention is devoted to its associated hazards of deposit
ing salts and other substances potentially harmful to health, 
vegetation, and property. 

6.11 The two broad categories of evaporative cooling systems 
are cooling ponds and cooling towers. The term cooling pond* 
designates a manmade impoundment constructed to provide cooling water 
for steam electric plants or other industrial facilities. The 
impoundment may take one of several forms, the simplest being a large 
reservoir that acts as source and sink for a once-through cooling 
system. Other forms include cooling canals and smaller reservoirs 
equipped with powered spray devices. Cooling towers are available as 
natural draft towers, in which the flow of air is induced through the 
density gradient (temperature and humidity) within the tower, and 
mechanical draft towers, where the flow of air is either induced or 
forced mechanically. A number of combinations or hybrid systems 
represent possibilities that may be advantageous in certain specific 
applications. These include the wet-and-dry concept mentioned 
previously and natural draft towers with mechanical assistance. 
Other cooling systems are designed to reject part of the imposed heat 
load before a discharge is made to receiving waters. While such 
systems may be useful where the thermal component of the discharge is 
an overriding factor, they are not considered further in the present 
analysis, since the intake rate of cooling water is not reduced by 
the application of any of these systems. 

6.12 The economic penalties of operating a power plant with 
closed-cycle cooling result from the increase in the temperature of 
the cooling water at the condenser inlet over temperatures that 
generally prevail with once-through cooling (Appendix D). There is a 
corresponding increase in the temperature of the condensate and, 
consequently, an increase in the back pressure at the steam turbine 
exhaust. This gives rise to a loss of electrical generating capacity 
and a decrease in the overall thermal efficiency of the plant. In 
addition, more energy is expended in circulating the water through a 
closed-cycle system than is generally the case with once-through 
cooling. Further losses in electrical output are incurred where 
power is needed to drive mechanical fans or spray devices. 

*The term "cooling lake" is used occasionally to differentiate an 
impoundment which impedes the flow of a navigable stream from a 
"cooling pond" which may draw water from or discharge water to a 
navigable stream but does not otherwise impede its flow (U.S. 
Envi-ronmental Protection Agency, 1974). 
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6.13 The principal ecological advantage of the use of closed
cycle cooling over once-through cooling would be to reduce the rate 
of entrainment and impingement of aquatic organisms (Chapter 4). It 
may be well to note, however, that the probability of survival of an 
organism entrainment into a closed-cycle cooling system with cooling 
towers is reduced practically to zero. 

6.14 The principal ecological disadvantage the use of evapora
tive closed-cycle cooling would be the potential for damage to 
vegetation from salt drift (Chapter 4). Other disadvantages include 
the visibility of cooling towers and their plumes as well as the 
economic and energy penalities associated with these systems. 

Closed Cycle Cooling at the Bowline Point Generating Station 

6.15 The design specifications underlying the preliminary study 
of closed-cycle cooling at the Bowline Point Generating Station 
(Orange and Rockland, 1974) provide the basis for the comparative 
analysis of cooling alternatives presented here. Each closed-cycle 
cooling system is sized to reject the current waste heat load and 
maintain the flow of water through the plant condenser at the current 
rate. Accordingly, the temperature rise across the condensers would 
remain unchanged. 

6.16 Pertinent design characteristics and conditions applicable 
to closed-cycle cooling at the Bowline Point station are: 

PARAMETER 

Heat rejection per unit, 
billion BTU per hour 

Circulating water flow, 
gallons per minute 

Cooling range, OF 

Approach, OF 

Design dry bulb temperature, OF 

Design wet bulb temperature, OF 

VALUE 

2.82 

375,620 

15 

14.9 

86 

74 

The design temperature of the cooling water at the condenser inlet 
would increase from the present value of 70 to 89 F., with a cor
responding increase in design turbine back pressure from the current 
2 inches of mercury absolute to 3 inches of mercury absolute. 
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6.17 The existing intake structure and service water system 
would be retained. New pumps would be installed to supply service 
water at the rate of 8,000 gallons per minute to each of the gen
erating units. Water discharged from the service water system would 
be made available as makeup for evaporative closed-cycle cooling at a 
rate essentially equal to that of the intake. It may be well to note 
that there are design features that apply to the average performance 
of the system over a given year. Variations can be anticipated 
throughout the year, with the most efficient operation, of the system 
expected in cool, dry weather and the least efficient in warm, moist 
weather. For example, translating the increase in back pressure into 
a loss of generating capacity, a reduction of the order of 3 percent 
might be the average for a year's operation but the peak reduction in 
summer might amount to 5 percent. Further, a design based on these 
figures is somewhat conservative since the actual heat rejection from 
each of the Units presently amounts to 2.14 billion BTU per hour 
(Chapter 1). 

Evaporative Natural Draft Cooling Towers 

6.18 Rejection of the waste heat load from the Bowline Point 
Generating Station through evaporative natural draft cooling towers 
would require two towers, each 393 feet high with a base diameter of 
315 feet (Orange and Rockland, 1977). 

6.19 Evaporative water losses from each of the cooling towers, 
estimated on the basis of 0.08 percent of the circulating water rates 
per degree F of cooling range (Marley, 1969), would average 4,500 
gallons per minute (6.5 million gallons per day). Drift losses with 
standard drift eliminators would amount to 0.05 percent of the cir
culating water rate or 200 gallons per minute (0.3 million gallons 
per day). The installation of specially designed drift eliminators 
could reduce drift to the range of 0.002 to 0.02 percent of the 
circulating water rate (U.S. Environmental Protection Agency, 1974) 
and give rise to a corresponding loss in the cooling effectiveness of 
the tower. With a makeup rate of 8,000 gallons per minute per tower, 
blowdown could be maintained at an average value of 3,300 gallons per 
minute or 0.9 percent of the circulating water rate. Under these 
conditions, the equilibrium concentration of dissolved solids in the 
cooling water inventory would be a factor of 2.2 higher than the 
concentration of these substances in the Hudson River. Blowdown 
taken from the cold side of each tower at the rate of 3,300 gallons 
per minute and at design conditions of 19 F above ambient river 
temperature represents a thermal discharge of 31.4 million BTU per 
hour. 

6.20 Other properties of the liquid discharge from the cooling 
towers and chlorination schedules would have to meet standards 
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characterizing the application of "best available technology eco
nomically achievable" (40 CRF 423.13) Among these, the limitations 
on free available chlorine in the cooling tower blowdown (0.5 milli
grams per liter maximum concentration and 0.2 milligrams per liter 
average daily concentration over 30 consecutive days) make it neces
sary to install a dechlorination treatment system. In its prelimi
nary investigations, Orange and Rockland has considered a sulfur 
dioxide chemical feed system to reduce free available chlorine to 
levels at or below those acceptable to the U.S. Environmental 
Protection Agency. 

6.21 The increased back pressure at the turbine exhaust re
sulting from the application of evaporative natural draft cooling 
gives rise to an estimated loss of 6 megawatts of generating capacity 
per unit at design conditions. Additionally, 3.5 megawatts per unit 
are needed to meet the increased requirement in power to circulate 
the cooling water. The total derating of the plant at design con
ditions amounts to 19 megawatts, representing approximately 1.6 
percent of the station's net capability. The total penalty in gen
erating efficiency is 145 BTU per kilowatt-hour, increasing the net 
plant heat rate from the current value of 9,135 BTU per kilowatt-hour 
to 9,250 BTU per kilowatt-hour. 

6.22 Atmospheric Effects. Theoretical considerations relating 
to the release of warm, moist air from the cooling towers indicate 
that a visible plume (or artificial cloud) would be formed under the 
appropriate meteorological conditions and that a potential exists for 
creating fog and icing at ground level and causing alterations in 
local. meteorology. Predictive analyses of plume formation by a pro
posed natural draft tower at the Indian Point site, as well as ex
tensive observations of cooling towers both in the u.S. and abroad 
(U.S. Nuclear Regulatory Commission, 1976), suggest that plumes from 
the towers at the Bowline Point station would usually be visible 
4uring unit operation. The shape, rise, length, and visibility of 
the plumes, however, would depend on prevailing meteorological con
ditions (air temperature, saturation deficit, windspeed and atmosphe
ric stability). The smallest and shortest plumes would occur when 
the atmosphere is dry (relative humidity less than 85 percent, a 
condition that is expected to occur with a frequency of 95 percent in 
the vicinity of Indian Point). The largest and longest plumes would 
be formed when windspeeds are moderate and the atmosphere is very 
moist (relative humidity greater than 95 percent, windspeeds between 
8 and 18 miles per hour, frequency of occurrence 3 percent). The 
plumes may then extend for several miles downwind and may merge with 
low clouds that are often associated with very moist conditions. 
Strong winds (greater than 19 miles per hour) inhibit the upward 
development of plumes and, in general, lead to plumes of lesser 
downwind extent than do moderate winds. 
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6.23 Because water vapor tends to condense more readily as 
temperature decreases, cooling tower plumes are most distinct and 
persistent during the coldest periods of each day and year (U.S. 
Nuclear Regulatory Commission, 1976). The visibility of a plume can 
be expected to depend on a number of variables and complex rela
tionships involving the number and density of condensation droplets 
within the plume, the size distribution of droplets, sun angle and 
cloudy or hazy conditions. Under conditions of low visibility 
associated with a very moist atmosphere, it may become difficult to 
distinguish the cooling tower plume (U.S. Nuclear Regulatory 
Commission, 1976). On the other hand, the plume during clear, dry 
periods would be pronounced, especially when viewed at low sun angles 
with the sun behind the observer. 

6.24 Observations at operating natural draft cooling towers 
show no instances of ground level fog and ice formation in areas of 
level terrain (U.S. Nuclear Regulatory Commission, 1976). There has 
been one reported case of a visible plume from a natural draft 
cooling tower reaching ground in mountainous terrain (Hosler, 1972). 
Predictive analyses of cooling tower plumes at Indian Point (U.S. 
Nuclear Regulatory Commission, 1975; 197'6) show that ground level 
fogging might occur for 1 hour per year in addition to the average 
incidence of 79 hours per year of natural fog (defined as visibility 
of less than 1/4 mile at 33 feet above ground level). The potential 
for the formation of ice or frost at ground level or on structures in 
the path of the plume are negligible. 

6.25 Only rough parallels can be drawn in the case of the 
Bowline Point Generating Station. A case-specific computer simula
tion would be needed to predict the risk of artifically producing 
these ground level phenomena, particularly in the area of the Hi Tor 
mountain to the southwest of the power plant. It may be anticipated, 
however, that the increase in the natural occurrence of fog and icing 
would be small, if at all discernible, in view of the relative infre
quency of winds from the northeastern sector at the site and the 
absence of recorded observations of ground level and icing from 
operating natural draft cooling towers. No measurable increase in 
the incidence of fog and icing on level terrian around the site or on 
the river is expected. Studies relating to natural draft towers at 
Indian Point have shown that increases in ambient relative humidity 
as a result of moisture added to the atmosphere are inconsequential 
(U.S. Nuclear Regulatory Commission, 1976). 

6.26 Under appropriate meteorological conditions, the rejected 
heat and water vapor could lead to the formation of cumulus clouds 
following the evaporation of the initial visible plume. This effect 
is most likely to occur where conditions are close to favorable for 
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the natural formation of clouds and has been observed and recorded in 
a number o~field studies (U.S. Nuclear Regulatory Commission, 1976). 
It is impossible to predict with any degree of certainty whether or 
where any detectable increase in precipitation might ensue. Cases of 
snowfall being induced by cooling towers have been reported (Kramer, 
1976; Culkowski, 1962). The possibility exists that the amount of 
precipitation could be increased in a given locality as a result of 
moisture collected from the cooling tower plumes. A numerical model 
study of a specific application of a large natural draft tower in 
West Germany has shown that an increase of the order of 0.4 inches 
per year could be expected where the natural precipitation is 40 
inches per year (Junod et al., 1974). 

6.27 Noise. The operational noise level in large towers is 
generally in the range of 80 to 90 dBA (Edmonds et a1., 1974). The 
noise from natural draft cooling towers is primarily that generated 
by falling water and the flow of large volumes of air through 
restricted spaces (U.S. Environmental Protection Agency, 1974). At 
short distances from the towers, the sound is "white" or broad 
spectrum sound, free of beats and impulses. During periods of 
continuous operation the sound remains constant in level and blends 
into background sounds (U.S. Nuclear Regulatory Commission, 1976). 
Propagation of the sound is affected by factors such as atmospheric 
absorption, topography, barriers, and vegetative cover. 

6.28 A study of the offsite sound levels associated with the 
operation of closed-cycle cooling systems at Indian Point Unit 2 has 
shown that small increases in ambient noise can be expected in the 
vicinity of the plant, regardless of which type of cooling tower is 
selected (U.S. Nuclear Regulatory Commission, 1976). At 11 specific 
locations within 7,200 feet of the proposed tower (bordering the 
site, scattered in the Village of Buchanan and immediately across the 
Hudson River from Indian Point) the predicted increases rank from 
values below to values slightly above the threshold of detectabi1ity. 
The maximum increase in A-weighted day-night equivalent sound levels 
(LON) at any of the selected locations on the east bank of the 
river amounts to 0.5 to 1.5 dB for a natural draft cooling tower (the 
lower value applies to a cross flow tower and the higher value to a 
counterflow tower) and 1.4 dB for a conventional mechanical draft 
tower. The largest overall increase in LON amounting to 3.2 dB, 
would occur on the west bank of the river with a mechanical draft 
tower. All of the predicted increases are below the value considered 
likely to cause a change in community reaction to the noise (U.S. 
Nuclear Regulatory Commission, 1976). 

6.29 Costs. Preliminary estimates (Orange and Rockland, 
December, 1974) of the costs (in 1981 dollars) of retrofitting 
natural draft cooling towers to the Bowline Point station are: 
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Equipment and Installation--Gapital Cost* 

Pricing base, December 1974 

Construction management, home office 
cost and construction fees 

Escalation to July 1981 

Orange and Rockland in-house 
expenditures 

Allowance for funds during 
construction 

$38,250,000 

4,775,000 

19,585,000 

750,000 

6,400,000 

$69,760,000 

Say $69,800,000 

Capitalized Operational Cost 

Cost of capability derating (19 
megawatts total) 

Heat rate penalty 

Incremental replacement capacity 
lost 

Operation and maintenance 

Say 

Total 

$12,635,000 

13,953,328 

8,530,000 

1,431,000 

$36,549,328 

$36,500,000 

$106,300,000 

6.30 The capital cost of equipment and installation (with a 
pricing base of December 1974) includes the cost of the cooling tower 
structures ($19,940,000 in 1974 estimate), circulating water pumps, 
pumphouse, piping, electrical instrumentation, blowdown dechlorina
tion system, miscellaneous equipment, and civil engineering work. 
Distributable costs ($1,360,000) are computed on the basis of 25 
percent of direct labor cost and include the costs of maintenance of 
tools and equipment, material handling, other unallocatable field 
labor, general and final job cleanup and consumable supplies. In 

*Capital cost estimates revised to December 1976, cost estimates 
have been further revised and updated (Orange and Rockland, 1977b). 
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addition, an allowance of 5 percent of field cost is included in the 
distributable costs as the contractor's fee. Contingency 
($4,990,000) is computed on the basis of .15 percent of the field 
cost. 

6.31 Escalation in total field cost ($38,250,000) is computed 
at the rate of 15 percent for 1974, io percent for 1975, 8 percent 
for 1976 and 7 percent compounded yearly thereafter. Escalation in 
home office costs is cQaputed at the rate of 10 percent for 1974, 10 
percent for 1975 and 8 percent for 1976 and years thereafter. 

6.32 The cost associated with a total capability derating of 19 
megawatts is computed at a rate of $665 per kilowatt installed in 
1981. The heat rate penalty is based on a total generation of 6.3 
billion kilowatt hours per year (1,200 megawatts operating at a 
capacity factor of 0.6) and an increase in net plant heat rate of 145 
BTU per kilowatt-hour. At a cost of fuel of $2.67 per million BTU 
($16 per barrel of residual oil, 6 million BTU per barrel) the yearly 
penalty in 1981 dollars amounts to approximately $2,440,000. The 
corresponding capit4lized cost at 17.5 percent carrying charge over a 
3O-year balance of life of the plant is' approximately $14 million. 
The incremental replacement capacity cost allows for a planned outage 
of each unit for 2 months during the transition to closed-cycle 
cooling, leading to a loss of 1.05 million kilowatt-hours of gen
eration. The purchase of an equivalent amount of energy at $0.0326 
per kilowatt-hour would require $34,250,000. Credit for fuel not 
consumed during this period at $2.67 per million BTU amounts to 
$25,270,000 yielding a net value of $8,530,000 for the incremental 
replacement capacity cost. 

6.33 Operation and maintenance cost is estimated at $0.21 per 
kilowatt of net capacity per year. The total cost for the plant 
amounts to $250,000 per year and represents a capitalized cost of 
.$1,431,000. 

Evaporative Mechanical Draft Cooling Towers 

6.34 The waste heat load from the Bowline Point Generating 
Station could readily be accommodated by evaporative mechanical draft 
cooling towers of proven design and performance. Available varia
tions include the conventional linear towers with forced or induced 
air flow and circular towers consisting of a single large cell or 
multiple cells (U.S. Environmental Protection Agency, 1974j U.S. 
Nuclear Regulatory Commission, 1976). In addition, a variety of 
designs of natural draft cooling towers wi~h fan assistance have been 
developed, and a few such devices are in use in Europe (U.S. Nuclear 
Regulatory Commission, 1976). For present purposes, fan-assisted 
towers are considered together with meChanical draft towers, since 
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the primary intent in resortina t~ power aaslstance is aenerally to 
reduce the bulk (and visibility) of the cooting tower structure to 
proportions more representatiVe of mechanical rather than natural 
draft towers. 

6.35 Assum1ug a loadina of 6 gallons ~r taillUte per square foot 
of base area (compared to the 4 gallons per lllinute per square foot in 
the natural draft towera considered above), heat rejection from each 
Bowline Point unit would require a mechanical draft tower with 63,000' 
square feet of baae, or nOld.nal dimensions of 75 by 850 feet. The 
overall height of the tower would range fro. 75 feet, typical of most 
tower desigus, to 200 feet for fan-asaisted natural draft towers. 

6.36 Mechanical towera desilDed .to the reference specifications 
and conditious would consuae wat~r through evapora~ion at substan
tially ~he sa. rate as their natural draft counterparts. Drift 
rates are normally hlg~r, typically by a factor of 2 or 3 (U.S. 
Nuclear Reaulatory C~asion, ,1976) in mechanical draft towers but, 
through appropriate des ian of drift eliminatofa, can be reduced down 
to levels well below: the 0.05 percent of throughput asswud in the 
present analysis. The characteristics of blowdownfro. mechanical 
draft would be essentially the same as those of blowdown from natural 
draft towers. 

6.37 AtollOsphel'lc Effect·s. AtllOspheric effects associated with 
the release of warm aotst air and drift are potentially more pro
nounced with mechnical clraft towers than with Qatural draft towers. 
Siuce the release frOil aechanical draft towers is made at a lower. 
elevatiou, where winds are generally weaker, the saturation deficit 
is less, surface nocturnal iuversions frequently prevail and the 
plumes may be trapped iu building eddies due to aerodynamic downwash, 
the poteutial for including fog aud iciug iucreases. On the other ' 
hand, visible plUBes are generally shorter and lower, and long plumes 
Qccur less frequently (U.S. Nuclear Regulatory ComDdssiou, 1976). A 
comparative analysis of cooling alteruatives for Indian Point Unit 2 
(U.S. Nuclear Reaulatory COlllD1ssion, 1976) shows that the amount of 
salt deposited annually from mechanical draft towers is higher, by a 
factor of approximately 6 in areas of maximum deposition, than is the 
case with natural draft towers. 

6.38 Several studies have reported light, friable icing from 
the operation of mechanical'draft tower., but there have been no 
reports of severe icing on roads or structures adjacent to the 
towers. In moat cases fogging and icing would be confined to dis-
tances of 1,000 to 2,000 feet from the tower (U.S. Nuclear Regulatory 
Commission, 1976). 
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6.39 Costs. Capital costs associated with mechanical draft 
cooling towers are senerally lower than those associated with natural 
draft towers. Annual operating costs, on the other hand are higher, 
particularly since the operation of mechanical towers involves a 
substantially higher consumption of power. The cost advantage of one 
system over the other can be established only through detailed analy
sis where such factors as the cost of energy can be assigned appro
priate weights. In a retrofit application, as is the case at the 
Bowline Point station, the relative difference in total costs is 
expected to be minor, and, in view of the high cost of energy asso
ciated with fuel oil, it is assumed that mechanical draft towers 
represent a greater cost penalty than do natural draft towers. 

Cooling Ponds 

6.40 The minimum surface area of a cooling pond needed to 
reject the waste heat from the Bowline Point station is estimated to 
be 750 acres. 'Ibis esti_te is based on a thermal loading of 6.9 
million BTU per hour per acre (roughly equivalent to 0.6 acres per 
megawatt of installed capacity) aDd meteorological conditions 
prevailing in New York City (Patterson et al., 1971). Evaporative 
water losses from the pond would average 6.7 million gallons per day 
(4,700 gallons per ainnte). Drift losses from cooling ponds are 
caused by surface winds and are generally considered negligible. The 
quantity and frequency of purge needed to maintain the concentration 
of dissolved substances in the pond at' acceptable levels are unlikely 
to exceed the values associated with blowdown from cooling towers 
(average of 3,300 gallons per minute). 

6.41 A cooling pond is considered to be impractical at Bowline 
Point because of the unavailability of an adequate expanse of suit- , 
able land in the vicinity of the generating station. The land 
requirements, however, could be substantially reduced through the 
application of spray devices designed to produce fountain-like jets 
of water and increase the dissipative effectiveness of a unit of 
surface area of pond. With full spray assistance, the required area 
could be reduced by a factor of 20 (McKelvey and Brooke, 1959; u.s. 
Nuclear Regulatory Commission, 1976). A spray pond to serve the 
Bowline Point station would require a minimum of 38 acres. In prin
ciple, therefore, the 53-acre Bowline Pond could serve as a spray 
pond to meet the cooling needs of the station. The conversion would 
entail the isolation of the 'BowUne Pond from the Hudson River at the 
pond inlet, with provisions .-de for the intake of makeup water and 
the discharge of blowdown. 

6.42 As a first approximation, the evaporative losses from a 
spray pond are of equal magnitude to those from a passive cooling 
pond in comparable service. Spray cooling, however, generates 
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substantial quantities of drift, .. timated to amount to 0.2 percent 
of the water circulated thrQUgh the conda ... r (Raffan:And Van Vleck, 
1974). In the case of Bowline Poi.ntat.tion.drift 10s8es would 
alllOunt to 750 gallons per a;Lnute. Drift •. together with fogging and 
noise, 1Iightgive dse to unacceptabJ., proble_ in view of the 
proxillity of ree1dential sections to the wut· and south of the pond 
and the Bqwline Point recreational facility to the east of the pond. 
A buffer zone of 1,000 to 1,500 feet i$ needed to col)fine fogging and 
drift effects to the eite (U.S. Nuclear a.,ulatory COIIII1ssio:n, ·1976), 
implying that spray .,dules would have to be carefully positioned in 
the pond. FtU'tber detailed engineering and econa.aic analyses are 
needed to determine whether the spray pond alternative warrants 
further consideration. 

Dry Cooling and Wet-and-Dry Cooling Towers 

6.43 OperaUng,.perience with. both dry cooling and wet and dry 
cooling applied to steam electric power plants .1s lildted. Dry cool
ing has a 10111 history of application to s .. llpower plants particu
larly in Europe eJld Africa. 'l'hedry cooling technique in cOlllDOn use, 
known &8 the direct technique, 1s generally not considered practical 
for applicatioDS to pOifer plants with capacities larger than 350 to 
500 _gawatts.In·ehe United States, a 3.3O-megawatt coal-fired power 
plant in Wyodak, WyOiling will be equ~ped with a direct cooling sys
tem and ·is ac:heduled for C01llpletiOD in the near future. lbe cooling 
facility will be· used in a S-year test program, funded in part by the 
U.S. Department of BUl'l1 and is a11b8d at improving dry cooling de
sign and operation (U.S. Department of the Interior, 1974). Asecond 
method of dry cooling known as the indirect technique is considered 
to be cOllceptually suitable for application to .large power plants. 
There are currently no firm plans to use a system of this type in a 
large central station. 

6.44 Both natural draft ancl mechanical 'draft towers can be used 
in dry cooling syst.... Since the flow of air required to dissipate 
a given heat load is hi.her with dry cooling than with evaporative 
cooling, dry cooling towers are necessarily more massive than their 
evaporative count.erperts~ Further, the IllinillU. t.eaperature (of the 
cooling water) attaiaable with dry cooling is higher than or equal to 
the minimum temperature attainable with evaporat~ve cooling systems 
(Appendix D). The penalties. in te1'll8 of loss of· generating capaci ty 
and reduced operatin.eftic1eney, are eottesponcHugly higher. Under 
conditions prevailing at Indian Point Uait 2, the 'cost of energy gen
erated with dry cooling is estimated tob! 20 percent higher than the 
cost of energy generated with once through cooling and 15 percent 
higher than the cost of energy generated with evaporative closed cy
cle cooling. 
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6.45 Several schemes have been proposed to combine dry and 
evaporative cooling systems and derive the benefits of dry cooling 
while reducing the associated penalties. A typical design objective 
would be to have dry cooling in operation during 95 percent of the 
year and resort to evaporative assistance (or, possibly, other means 
suCh as meChanical refrigeration) when ambient temperatures are 
highest. The idea is particularly attractive where the peak demand 
for power occurs during the hottest part of the year and coincides 
with the greatest loss of generating capacity attributable to dry 
cooling. 

6.46 The greatest potential advantage of dry or wet and dry 
cooling at the Bowl~ne Point station is associated with the reduced 
need for makeup water to offset the losses due to evaporation, drift 
and blowdown. As presently contemplated, however, an evaporative 
cooling system at the station could be supplied with water withdrawn 
to meet the power plant's service requirements. Without reducing the 
service requirementa, this advantage would be virtually negated. 

Other Cooling Alternatives 

6.47 A number of other cooling alternatives might prove to be 
technically feasible at the Bowline Point station. The first of 
these is to meet the cooling needs of both units with a single 
evaporative cooling tower to accomodate the heat rejection load, the 
base area of a single tower would need to be roughly twice that of a 
tower designed to reject the waste heat from one of the units. In 
the case of a natural draft tower a commiserate increase in height 
would be needed to generate a flow of air adequate to effect the 
desired degree of cooling. Thus, a single tower would necessarily be 
more massive than a tower used in a dual syst_. In the ease of a 
meChanical draft tower, the total number of "cells n or modules would 
be the saae, whether these make up a single or a dual cooling system. 
~ single tower, therefore represents a reconfiguration of the cells 
into a single array. From a visibility standpoint the tradeoffs 
involved in Changing from a dual to a single system are evident. 
Whether this change would reduce this visual impact of the cooling 
system and the station as a whole remains uncertain in the absence of 
further study. 

6.48 A second possibility is to site a single or dual tower at 
a location remote from the generating station. Distances of 5 miles 
or more between the generating station and cooling tower may be 
tec1mically feasible, taking into consideration a rate of flow of 
apprOXimately 315,000 gallons per minute through each of the units, a 
total rate of makeup of 16,000 gallons per minute and an estimated 
rate of blowdown of approximately 7,000 gallons per minute from the 
system. Conducts linking the station to the cooling system would be 
needed to carry the circulating water and makeup water, if the 
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service water system is retained as the IIOUrce of 1I&keup. A conduit 
for the discharge of blowdownwould be needed to link the cooling 
systea to the Hudson River, the most likely waterbody to receive the 
discharge. . 

6.49 Although it is impossible to eatiute the penalty in 
capital costs ... ociated vith a remotely sited CQoUng systell until a 
precise location is aelected, it .. y-be anticipated that this penalty 
would be substantial. An economic penalty as well as a penalty in 
teras of energy would be incurred in operating the systems, that is 
in puaping water between the station and the cooling towers. Again, 
this penalty would be dependent on the separation between the facil
ities and, in view of the large flow rate i~volved is expected to be 
substantial. 

6.50 lbe priury incentive in considering a remote site for the 
cooling syste. lies in reducing the visibili~ of the ge~erating sta
tion with cooling towers from the Hudson River. It appears unlikely, 
however, that cooling towers with their plumes could be entirely 
concealed from the view, particularly in the case of natural draft 
towers. Clearly, a remotely sited cooling system would constitute a 
visual impact in its vicinity. In essence, t~refore, a remotely 
sited cooling system represents a tradeoff between reducing the com
bined visual impact of the generating station. with- a closed cycle 
cooling system at the expense of creating two visual intrusions at 
separate locations. Over and above this, there remain the questions 
of costs, securing a suitable site, installing the necessary conduits 
over appropriate right-of-ways and public acceptability of the over
all scheme. 

6.51 Salt driftfroa the cooling towers has been identified and 
analyzed as a potential source of damage to vegetation in the 
vicinity of the Bowline Point station (Chapter 4). An alternative 
considered here to reduce the deposition of salt inwlves reducing 
the concentration of dissolved matter in the cooling water inventory. 
This could be accomplished by treating the mak .. p water, which may 
consist of river water and recirculated blowdown, or by obtaining 
and, if necessary, treating water from groundwater, municipal or 
other sources. As mentioned previously, a total of 16,000 gallons 
per minute is presently drawn as service water from the Hudson River 
to meet the needs of the station and the major portion of the flow 
could be made available as ~keup for a closed-cycle cooling system. 
This withdrawal is equivalent -to approximately 23 .illion gallons per 
day, or, on the basis of .. planning factor of 100 gallons for person 
per day, enough water to' supply a residential community of 230,000 
persons. In ter.. of a ground water supply, Yields from individual 
wells vary greatly with the properties of the aquifers supplying the 
water. To put matters in perspective, it uy be noted that a well 
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yielding 0.5 to 1 Il1llion gallons per day is fenerally considered to 
be a high capacity well. Precise estimates 0 the costs of 
desalinating river water to reduce its salinity are not available. 
Major desalination and treatment projects based on the reverse 
osmosis process are presently under construction in various parts of 
the world. As a general rule, the costs associated with desalination 
fall in the range of $0.80 to $1.30 per 1,000 gallons treated. To 
meet the needs of a closed-cyc1e cooling syste. at the Bowline Point 
station, therefore, would entail an expenditure of the order of 
$20,000 per day. 

6.52 Another possibility which could be considered as an 
alternative to a closed cycle system, consists of modification to the 
intake structures, including barriers at the entrance to Bowline 
Point to reduce entrainment and impingement. These are considered in 
detail elsewhere in Chapter 6. 

6.53 Finally, waste heat from the Bowline Point station could 
in principle be rejected to the Hudson River through an underwater 
heat exchanger. The cooling system would be entirely closed and once 
filled, would require only tinimal makeup. While heat exchangers of 
appropriate design are readily available, an application of the type 
and scale envisaged here cannot be considered as demonstrated 
technology. Accordingly, the costs and reliability of such a system 
cannot be predicted with any degree of confidence. 

Modification of the Present Permit 

6.54 The specific conditions, considered as possible stipula
tions that tight be added to the pera1t issued by the District in 
connection with the Bowline Point Generating station, all relate to 
the station's interactions with the aquatic ecosystem of the Hudson 
River estuary. 'l1lese conditions are intended to mitigate damage to 
populations to striped bass and other fishes. Several approaches 
could be followed, in principle, to attain this goal. Restrictions 
could be imposed on the operation of the power plant so as to reduce 
the throughput of cooling water, thereby reducing entrainment and 
impingement of aquatic organisms. An alternative approach would be 
to reduce the impingement of fish by installing fish diversion 
devices and/or by modifying the intake structure, screening 
mechanisms and fish return facilities. Entrainment could not be 
reduced significantly through these latter means. Elements of both 
approaches might be combined into a IW1Iber of more comprehensive 
strategies. Prom an operational standpoint, such strategies might 
involve the integration of the generation and maintenance schedules 
of the power plants on the Hudson River estuary and other power 
plants within the New York Power Pool supply system, on the basis of 
ecological as well as technical and economic factors. 
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RestrictingOperat~on of the Plant 

6.55 Heasures aimed at r~ucing ,the • .,unt O,f, COQ'UQ8water 
that is withdrawn from tbe Bowline Pond .a~ c~rculated throulb the 
power plant aight include ,res trict iona 'to '~be 'operatilll sche'dule of 
the plant I recluced 'flow throup ·the ' condenser" and, operation of the 
plant at partial generatilll capac! ty. llo1!e"er,tec:hn:1cal. c~nsidera
tione relatinato a larae base-load plant li~ tlu~ Bowline Point 
Generating Station teDd to lia1t the e~tent to wb~ thep1an~ can be 
operated intermittently or at 'reduced output. Also liGdted ~s the 
extent to which operatina procedures can deviate from standard 
practices without unduly jeopardizing the plant and the reliability 
of the supply system. 

6.56 Shutdown and startup of large steam electr,ic units involve 
procedures for1lUlated to avoid excessive thamal stresses, over
heating and other conditione 11kely to damage the equipment. Follow
ing a shutdown; ti_ is needed to brina the boik"r and t~rbine 
generator up to oper.a.ting conditions in s.taps that are generally 1IlOre 
sequential than concurrent. Progressively 10llger procedures are 
followed as generating,units are started up from ,bot, interaediate or 
cold conditions and tbese, as a general. rule , prevail after shutdowns 
of 1 day or less, 2 to 3 days, or 3 days or more, respectively. The 
startup periods .. y range between less than 1 hour for a start from 
hot conditions and 6 to 12 hours or more for a cold start. Recent 
development work and evaluations of operating experience have under
scored the importance of controlling downward temperature ramps; and 
prewarming during cold starts, in terms of preventing damage to steam 
turbines and extending their operational lives (Spencer and Timo, 
1974). These findiJl,88 have prompted the manufacturers of turbines to 
recommend that warmup periods generally be ext~ed rather than 
shortened. 

6.57 Startup of the condenser cooling or circulating water 
system is also a lengthy procedure. A rapid 'initiation of the 
massive circulation subjects the equipment to a risk of da1l&ge as a 
result of water ~r, and steps must be taken to ensure that the 
system is free of a1~ pockets before full flow i~ established. 
Procedures normally followed at the Bowline Point station require 8 
to 12 hours to bring the circulating water systems up to operating 
conditions.* As a co~quence, water is circulated in the systems at 
all times except during maintenance outages or other prolonged 
periods when the generating units are taken out of service. The flow 
may be reduced (1 pump per unit) when a unit is not producing power 

*Eatablished in discussion with Orange and Rockland operating 
performed during site visit on 3 and 4 November, 1976. 
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but is generally kept at operational levels (2 pumps per unit). 
is _intained with 2 puaps per unit operating whenever power is 
generated to avoid the riSk of losing a unit as a result of one 
failing. 

Flow 
being 
pump 

6.58 Large generating units can operate at capacities greater 
than 1/4 to 1/3 of full-rated capacity (150 to 200 megawatts for each 
of the Bowline Point units). The quantity of waste heat rejected to 
the condenser cooling water varies proportionally with the power and, 
accordingly, the temperature rise across the condenser decreases as 
power is reduced, providing the circulation rate remains constant. 

6.59 Each of the Bowline Point units has the capacity of 
operating with reduced flow in the condenser cooling system. Under 
throttled conditions, the flow is reduced froaa 316,000 to 257,000 
gallons per minute through each condenser with 2 pumps per unit in 
operation. The temperature rise across the condenser at full load 
increaaea frOil 13.5 P to 16.6 F aa the flow is reduced. 
Alternatively, a temperature rise of 13.5 P would prevail with 
reduced flow at 80 percent of full load, decreaaing to a rise of 
approximately 4 F at 25 percent of full load. 

6.60 Both unita of Bowline Point station have been operated 
extensively with cooling water circulating at the reduced rate. In 
1975 a circulation rate of 257,000 gallons per minute was maintained 
in both units practically continuously from the first days in January. 
through the latter part of July (except during the maintenance outage 
of unit 1 from 8 May to 31 May, 1975).* Operating experience showed 
that the reduced velocity of water throulh the condenser tubes (from 
a design value of 7 feet per second to an utiuted 5.5 feet per 
second) allowed sl1_ to build up at higher than normal rates. 
Orange and lockland haa modified its procedures and now operates the. 
units at reduced flow only when necessary to reduce impingement of 
fish or for other reasons related to the aquatic ecosystem.*. 

6.61 The characteristics of the Orange and lockland system load 
(Appendix C) are pertinent factors in considering restrictions that 
might be imposed on the operation of the plant. Electrical load in 
southeastern New York, as in .oat areas of the country, generally 
increases during daylight hours. reaching pronounced peaks on weekday 
afternoons and evenings, and le •• pronounced peaks on weekends and 
hol1days. 'lbe annual peak load of approximately 650 megawatts 
normally occurs on a weekda1 afternoon in July or AU8Ust, 

'Established from plant operating records made available by Orange 
and lockland. 

**Establi8hed in di8cu8sions with Orange and Rockland personnel 
during site visit of 3 and 4 November 1976. 
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with de .. nd reainilll nearpaalt eOnclitionsroughly 'between Ddd-June 
and II1d-Septe1lbar. .Load is, -relatively hiah beftween m1d:""December and 
II1d-rebruary and a secODdarypeak of, the order of 500 _sawatts is 
experienced in late fall or early winter. Monthly output of the 
system is lowest in April and May of each year. Further, Orange and 
Rockland's 1/3 shan of 'the' Bowline ,Point station represents a 
generatina capability of 401_galiatts, eqUivalent to 44 percent of 
the company's baae load capability and 39 percent of total generating 
capability (ApPendix C). Con Kdison's share of the plant, alDOunting 
to,803 megawatts, constitutes 10 percent of the syst'" base load 
capability and 8 percent of total capability. 

6.62 The least restrictive operating schedule for the Bowline 
Point station can bltCharacterhed as OOlast""Olt-fii'st-off," _aning 
that alternative resources available to Oraage and ltockland, and Con 
Edison would be utilized befOre power is aenerated at the Bowline 
Point station. A schedule of this type was folloWed in 1974 during 
the last 10 days in May and the mnths of June and July, in 
accordance wi til the terms of the consent decree (Appendix B). 
Operation of both units at the BOwline Point station was restricted 
in that period to approximately SO pereent capacity until all 
available base 19ad capability was committed to full load operation. 
The output of the BOwline Point station was then increased to meet 
any exeess base load (continuoUs load) and cycled to follOW 
fluctuations in demand 6f intermediate duration (12 or 1IOre hours on 
weekday.). Gas turbines were used in a normal manner to _et peak 
demand (le8s than 1 lUNr to about 12 hours). Operational data for 
the period show that 'both 'units were operated below full capaci ty 
during June aDd July. However, the a1lOunt of water circulated 
through the condensers was not substantially reduced, except during 
the last 10 days in May. Both units were off line at the ti_, on 
scheduled outage or for repairs, and no .. ter was circulated through 
the plant condensers. 

6.63 More restrictive conditions on the operation of the plant 
Cab. be envisaged. A8'conatraints are adeled; however, an increasingly 
larger portion of thebese load would be shifted from the Bowline 
Point station to plants that would othe~sebe retained for cycling 
duty_ There would be an attendant penalty in fuel use and economy of 
generation, since such plants are generally the older, less efficient 
units within the system--the Lovett station fn the use of the Orange 
and Rockland system. k further tradeoffll1ght be inwl ved, inasDlUch 
as the substitute plants exert 'particular fapacts on the environment 
and these might be intensified as a result of increased utilization. 
While current procedures and practices, are followed. water would 
continue to be circulated through the Bowline Point station at times 
when its operation is restricted unless protracted shutdowns become 
part of the restrictions. lbe present overcapacity in the Orange and 
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Rockland, C~n Edison·and.New York Power Pool sy.t~s would make it 
possible to meet de_nd during 1I08t of the year for the next several 
years without the contribution of the Bowline Point station except 
when demand is at qr near peak levels. Orange and Rockland would 
then be unable to meet i·ts commit_nta from resources present.Lj 
available to the system (Appendix C). 

6.64 It is i_possible to estimate with any degree of certainty 
the net advantages that the aquatic' ecosystem of the Hudson River 
Estuary would ~rive from restrictions on the operation of the 
Bowline Point station. If circulation is maintained through the 
condenser cooUng sys,tem while the plant is restricted to low power 
on zero power I oPeratioDS, there would be .no net gain with respect to 
impingement. As res-rds entrainment, a reduction or elimination of 
the thermal shock undergone by aquatic organisms that pass through 
the condensers is advantageous. Thermal shock, however,. is not the 
sole mechanism through which biota are injured or destroyed. Other 
potential causes of dauge have been identified (see papers by J. R. 
Schubel, R. E. Manowicz and B. C. March, Jr., in Saila, 1975). 
These include pressure changes, acceleration, shear, abrasion, 
biocides when us~d, and possible synergisms among them. Field data 
collected at Bowline Point station indicate that mortality OL fish 
larvae entrained through t~e plant tends to increase as the 
temperature rise across th~ condenser increases and that temperature 
is the main determinant of mortality among entrained organisms 
(Orange and Rockland, 1977a). 

Improvements to Plant Intake 

6.65 Ongoing research. r~1ated to the protection of aquatic 
organisms at power plants (reviewed in, for eUJDPle, Pagano and 
Smith, 1977; Cannon e", al., 1979) suggests that several alternatives. 
to the conven.tlonal vertical screen intake of the type installed at 
the Bowline Point station might be ·effective in reducing impingement. 
For convenience, these alternatives may be considered under the 
~tegories of diversion. recovery and exclusion systems, although a 
classification according to this scheme would not be rigorous and 
certain unconventional intakes may combine the features of systems 
classified in more than one category. Diversion systems include 
those based on behavioral barriers ,such as electric fields, air 
bubble curtains, sound, light, water jets and hanging chains (U.S. 
Environmental Protection Agency, 1976) as well as louvers and angled 
screens (U.S. Environmental'Protection Agency, 1976 and, for example, 
Schuler and Larson, 1975;: Taft et al., 1976; Taft and Mussalli, 1977; 
Mussall1 et al., 1977). Recovery systems provide means of collecting 
impinged organisms and returning them to water. Several fish 
handling transport systems have been developed and tested (for 
example, Mus sal Ii and Taft, 1977) and these may be used to recover 
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oraani_ t.,t....s OIl conventional travelina BcreeD (fo~ uallPle, 
Et •• le aD4 Malanic, 1977) or ecHena of alternatift deallbS, auch as 
t" fi.h bucket .c~ (for e_lIPle, Whlte aDd ire .... r, '1976) or the 
cent.r flow. (.i .. D .... try. dou),te-exit)acreen (for emple, 
Pa .... aat Corpol"atioa, ulMlated). ExcluaiOn' ~.t .. "incorporate 
phy.lcal berrten to prevent orpnb_' fr01l" 'nteting the intake 
structure. ~ng thea are the infiltration devicea, auch aa radial 
well., fi_ N. fil •• " aDd potoua atte. (U.S. EnYiro~ntal 
Protectioa AIe-,.· .'76) aDd wet .. w£1'e acree. (for euJilple. Johnson 
Diviaion, lOP, 1977; aaaaon et a1., 1977;181 and Miller, 1977). 
Infiltratioa illtak .. :e1iliiaate or rec:bice entral_nt as well as 
iapiaa_at. Ot_r iatalc •• that ha .. the poteadal of reducing 
entrai_at hcorporate either wayen screeniae of fine mesh' 
(Tollljano.ich et al., 1977) or wedge wire screens with narrow alot . 
widths (BanaOD .t al., 1977). 

6.66 Stz .che... have be .. identified as po.aible alternatives 
or _dUicatloa to thia ext.tina intak .. at the B9VUae Point 
Ge_rati. Station (-or .... aDd .llocklaDd, 1916). The selection of 
the .. apecJ.fi-c: .dI •••• i •• aed on conaiclerationa of engineedng 
practlc.lit~ an4 the re.u1ta of fluae tests with certain native 
flah .. of theRucleoa lti"r (Coa~l1cJat.d Ediaon, 1976) as well as 
Upert.DC. &lid an increa.t .. ly vide body of infol'lliation reported in 
the literature.. rour of the.. Icbe .. a inVolvetravel1ng screens of 
cODVentioaal but ana1ed or inclined to the directlon of flow. In the 
fint ache_. an approach channel would be eonatructed to provide the 
nece.aary anate between flow aDd the existina .intake structure. 'lbe 
nezt two ache ... involve traveliDi acreens in a Chevron configuration 
located r .. pectl~ly to the side and in front of ~he ensting 
structure. '!'be fourtheohe_ comprises screena loe-ted in front of 
the est.etas atructure, poaitionedperpeDdicularly to the direction 
of flow but rot.iaa about Ail plane incHned froil the ~rtical. As 
part of the fifth ache., the extstina traveliq acreens would be .• 
replaced by fJ.h bucket' 'cr"ns~ A f1eh bypas. or collection and 
return clevice wvuldbe.prOYl48d in each of theae five scheaes. In 
t'he aixth aDd final 80"-, a behaviotal tiat.riet wo~d be placed at 
the inlet of :towline Pond. 1'I1rea possible mechani ... have been 
identified a. poe.i~le..ana of diverting aquatic orlanisms away from 
the poDd--all air lIubble curtain, hangina chains or a. water jet cur
tain. ADy ODe of the augpaced achemes could be i.ple_nted without 
disruptias tbe~aormal operation of the plant. Detailed eatiastes of 
the coata .. sodated with these ache ... are not available. Orange 
and RocklaDcl co .. iders to be in the ra~ of $5 to $10 million. 

6.67 In addition to evaluating the alterdat1ve intakes dis
cussed abo.e, Oranae and lockland haa bien te.tinl a barrier net 
positioned in a , upatre .. of the eztstiaS intake structure (Edwards 
and Hutdbison, 1979). The results of tests conducted at various 

6-22 , 



Umes between Novembe'r 1976 and May 1978 suggest to the inves,tigators 
that impingement may be reduced by as much as 90 percent (see Chapter 
4). Clogging of the screens and the gi11ing of fish on the nets are 
reported not to be sianifieant problems. Further evaluation is 
needed to determine whether a barrier net could be considereu .. s a 
permanent alternative to the modified intakes and whether reductions 
in impingement cOlllp&rable or exceeding those reported for the barrier 
net could be achieved with the alternative intakes identified by 
Orange and Rockland. In addition, the selection and implementation 
of one particular scheme as the most suited to,the situation at 
Bowline Point would be contingent on more extensive and detailed 
evaluations. It may be well to note that entrainment would not be 
significantly reduced through the application of anyone of ~hese 
techniques. Tests of a continuously traveling screen with fine mesh 
(2.5 1Ili1limetera) woven netting conducted at the Indian Point station 
suggest to the investisators that such a system would not be effec
tive in reducing losses of striped .bass in the early stages of life 
(Central Hudson et a1., 1979). This conclusion is based on the low 
retention rate of eggs and larvae up to the early post yolk-sac stage 
and the low rate of survival among the organisms retained on the 
screen. Among the orlanisms large enough to be retained in substan
tial proportioDB, the rate of survival is reported to be comparable 
or less than the rate expected to prevail if the organisms were 
entrained through the condenser. 

6.68 In view of the need for further evaluation of possible 
modifications to the intake existing at the Bowline Point station as 
well as the cost and extent of work associated with the modifications 
identified by Orange and Rockland, operational restrictions based on 
improvement, of the intake are considered by the District to be more 
appropriately regarded as alternatives to closed-cycle cooling than 
as conditions that c~~ld be imposed during an interim period of 
operation with one-through cooling. With respect to the aquatic 
ecosystem of the Hudson River estuary, any reduction in the rate of 
impingement of aquatic organisms clearly would tend to mitigate the 
impacts attributed to the operation of the power plants on the river. 
How effective such mitigation would be in terms of populations of 
fish is presently unknown because of the several uncertainties 
discussed above and the absence of plans to take specific measures at 
specific power plants. 

Comprehensive Management Program Within the New York Power Pool 

6.69 A broad view of the ecosystem of the Hudson River estuary 
suggests that a comprehensive approach at managing the operation of 
all the power plants on the river could prove more beneficial than 
restricting the operation of individual plants in isolation of each 
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other. Such an approach .ight incorporate cona!derations of the 
nUErous lpecie. of fish that inhabit the river, their ~pawn1ng and 
mgrating habits, nursery areas, and other teaporal and spatial 
Characteristics of their life cycles. . 

6.70 It i8 conceivable that the integrated supply system of the 
New York Power Pool could afford the flexibility needed to develop a 
~nage .. nt strategy of power plant operation based on ecological as 
well as technical aDd economic factors. Scheduled maintenance and 
generation plana of t~ statiODS throuahout the power pool area could 
possibly be coordinated to avoid affectina critical areas during 
critical periods or. at least. mitigating ecoloaical damage to the 
extent possible with preseat constrainte. For example. the strateay 
could take advantap of the temporal and spatial differences in 
entrain.ent aDd iDIPiaaeaent &IlOna the .power plants on the Hudson 
River <see discussiou of entraimaent and impinge_nt in· Section 4). 
The Bowline Point stativn tt1ght be operated during the primary 
spawning season <*y and June) because of its smaller entrainaent 
rate relative to other power plants. Other stations could be shut 
down for maintenance or reatricted in their operation during this 
time, which also correspoDds roughly to the spring period of low 
demand for electricity. In Winter months when impingement is 
greatest at downriver plants, their operation .tght be restricted. 
Upriver plants, which cause less damage by impingement durina the 
colder months, or plants located elsewhere in. the power pool area 
could then be utilized more extensively to supply the needed energy. 
Clearly. these are augaestiona derived from limited ecological infor
mation. Further analysis of available·observations and acquisition 
of additional data would he needed to determine whether a management 
program of tbs type enviea," here would be beneficial from an eco
logical standpoint and, if 80, to devise a comprehensive and balanced 
strategy. It may be well to note that the addition of ecological 
conatraints to the technical and economic constraints presently 
acting on the supply system is likely to involve tradeoffs and entail 
costs in terms of econa.y aDd reliability of supply. 

SUSpension of the Permit 

6.71 The District has conaidered a suspension of the subject 
permit, causing the Bowline Point Generating Station to shut down and 
not resume operation until a closed-cycle system is installed. 

6.72 With an accelerated program of construction and commis
sioning, closed-cycle cooling systems at the Bowline Point station 
could be brought into operation within an estimated minimum period of 
2 to 3 years. During this period. the generating capacity of the 
Bowline Point station would be unavailable to Orange and Rockland, 
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Con Edison and the New York Power Pool. Orange and Rockland would be 
unable to meet its projected peak load from alternative new resources 
available to the company (Appendix C). On the other hand, overcapa
city in both the Con Edison and New York Power Pool systems is cur
rently such that available capability in both systems, even ~~~hc~t 
the contribution of the Bowline Point station, exceeds peak demands 
anticipated over the next several years with acceptable margins of 
reserve (Appendix C). 

6.73 Suspending the operation of the Bowline Point station 
represents a loss of operating revenues to the plant owners estimated 
to be in excess of $300 million per year.* Assuming the alternative 
generating and transmission capabilities are such that the loss of 
energy could be sustained without interruption of customer service, 
increases in fuel use and the cost of generating el~etrical energy 
are likely to resuit from a shutdown of the Bowline Point station. 
The precise magnitude of these penalties would depend principally on 
the thermal efficiency of the plants that generate the replacement 
power and, to a lesser extent, on likely additional losses in trans
mission. Increased fuel consumption would amount to an estimated 
1.75 million barrels of fuel oil per year, with a corresponding value 
of $26 to $28 million.* 

Revocation of the Permit 

6.74 The District has considered revoking the subject permit, 
forcing the abandonment of the Bowline Point Generating Station. 

6.75 The implication of this action would be far-reaching. As 
indicated previously, Orange and Rockland would be unable to meet 
peak loads from resourceA presently available to the company over the 
next several years wi~hout the contribution of the Bowline Point 
station (see Appendix C). Decommissioning the power plant would 

*Estimate based on net plant rate of 8,135 BTU per kilowatt-hour at 
the Bowline Point station and a heat rate of 11,000 BTU per 
kilowatt-hour, typical of electrical energy generation from fuel oil 
in the Middle Atlantic States (National Coal Association, 1975). 
Each kilowatt-hour generated at the Bowline Point station then 
represents a saving of 1,865 BTU. The 5,600 gigawatt-hours that 
would have to be senerated.by other stations represent an additional 
consumption of 10,500 BTU. At $15 to $16 per barrel of No. 6 fuel 
oil with a maximum sulfur content of 0.3 percent, the correspobding 
added consumption and costs are 1.75 million barrels and $26 to $28 
million, respectively. 
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involve a substantial lOss in tax revenue to the Town of Haverstraw 
until the Bowline Palnt site is redeveloped for industrial or other 
use. '!be Bowline Point station represents an investment (current 
cost of plant) of $250 million, exclusive of land and land rights, 
with a replacement value of approximately $1 billion in 1985 
dollars.* 

6.76 A relatively minor portion of the investment could be 
recovered as salvage if· the plant were to be abandoned. Further 
benefits would be derived through the addition of replacement capac
ity that, in all likelihood, would not be oU-fired, and if coal
fired, might be slightly more efficient than the present equipment. 
The ultimate dacomadssioning of the plant would also remove a 
dominant visual feature from the vicinity of Bowline Point. As 
regards the population of striped bass in the Hudson River, very 
little would be .. ined by abandoning the Bowline Point station as 
opposed to installing cloaed-cycle cooling at the plant. 

ALTERNATIVES RELATED TO THE ROSETON GENERATING STATION 

6.77 The options available to the District in the case of the 
Roseton Generating Station are essentially' the same as those dis
cussed previously in connection with the Bowline Point Generating 
Station, namely, to retain, modify, suspend or revoke the District's 
permit issued to Central Hudson. The Bowline Point and Roseton 
Generating StatioDS are technically similar and their interactions 
with the envirouaent are comparable in nature, if not precisely in 
degree. Accordingly, the implications associated with each of the 
alternative actiona follow close parallels in both instances. 

Retention of the Present Permit 

6.78 The terms of the National Pollutant Discharge Elimination 
System permit authorizing the discharge of waterborne contaminants 
from the Roseton Generating Station require that operational levels 
of closed-cycle cooling be attained by 1 July 1981. Retention of the 
District's permit to Central Hudson, ther~ore, would allow a period 
of unrestricted operation of the plant wit.h open-cycle cooling until 
1 July 1981 or throughout the operational ~ife of the plant, if the 

/' 

*A breakdown of the current cost of plant is: land and land rights 
$1,100,760, structures and improvements $42,77Z,050, equipment costs 
$207,225,810, representing a total cost of $251,098,630 or $202 per 
kilowatt installed (U.S. Federal Power Commission, Form 1, Annual 
Report of Orange and Rockland Utilities, Inc. for year ended 31 
December 1976. Replacement costs are computed on the basis of $820 
in 1985 dollars per kilowat of installed coal-fired capacity. 
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requirement for closed-cycle cooling at the Roseton station is 
ultimately waived by the U.S. Environmental Protection Agency. 

6.79 The impacts resulting from the operation of the Roseton 
station with open-cycle cooling are those documented in Chap~~: 4 of 
this statement. The major advantage of installing closed-cycle 
cooling at the facility stems from reducing the potential of damaging 
the aquatic ecosystem of the Hudson River by reducing the rate at 
which cooling water is withdrawn and discharged. To accomplish this 
goal, the installation of any bne type of closed-cycle cooling system 
found to be practical for the Bowline Point station is considered 
technically feasible at the Roseton station. The related monetary 
costs and other impacts, such as land and water use, the release of 
water vapor and spray to the atmosphere, noise and the visual 
features of the coo1iua @ystem, w~uld·be similar to those associated 
with closed-cycle cooling at the Bowline Point station. . 

6.80 Without additional encumbrances imposed by the District, 
the Roseton station would continue to generate electrical energy as 
efficiently, reliably and economically as possible and to satisfy, in 
part, the needs of residential, industrial, commercial and public 
consumers served by Central Hudson, Con Edison, Niagara Mohawak and 
the New York Power Pool (Appendix C). The transition to closed-cycle 
cooling, if carried out within the time frame currently specified in 
the National Pollutant Discharge Elimination System permit, would be 
orderly. 

Modification of the Present Permit 

6.81 Concern over the continued operation of the Roseton 
facility, in common with the other power plants on the Hudson River 
Estuary, centers principally on the impairment of the aquatic 
ecosystem as a result of entrainment and impingement of organisms. 
Estimates based on the field data available suggest that the number 
~f organisms entrained by the Roseton station may be substantial in 
comparison to other plants but mortality due to impingement is 
relatively minor. The analysis dealing with striped bass shows that 
the impact attributable to the operation of the Roseton facility with 
once-through cooling is small in terms of the net effect on the adult 
population and in comparison to the overall effect of all power 
plants on the Hudson River. The installation of closed-cycle cooling 
at the Roseton station alone, with all other stations remaining on 
open-cycle cooling, would reduce the riverwide losses of yearlings 
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and the adult standing stock by only a s1l&11 amount below the losses 
predicted for all plants with once-through cooling. 

6.82 On the basis of these findings, measures to reduce the 
intake of coolina water by restricting the operation of the Ros~t~n 
station and to reduce impingement through modification of the intake 
structure or behavioral screening systems would be of lesser value at 
the Roseton station than at the Bowline Point station. In the 
context of a comprehensive (including environmental considerations) 
program to _nage the operation of power plants on the Hudson River 
aDd in the New York Power Pool, steps could be taken to utilize the 
Roseton facility sparingly at times when entrainment of fish eggs and 
larvae might present a problem, aDd more intensively at times when 
the operation of other plants within the sy.tea would be most 
detrimental from an .col ical standpoin It is emphasized that 

ements me here in conne alternatives related to the 
Roseton station are based on limited field data collected in 1974, 
when both units were first brought into service, and early in 1975. 
Tbese statements would remain valid largely if field monitoring 
continues to reveal a relatively low level of impact on the aquatic 
ecosystem resulting from the operation of the Roseton station. 

Suspension of the Permit 

6.83 A suspension of the District's permit related to the 
Roseton Generating Station would cause the station to be shutdown for 
an estimated 2 to 3 years while closed cycle cooling is installed. 
Without the contribution of the Roseton station, both Central Hudson 
and Niagra Mohawk would experience difficulty in maintaining an 
adequate margin of reserve with the remaining resources currently 
available to these systems (Appendix C). Reserve margins in the Con 
Edison and New York Powec Pool would not be reduced below acceptable 
levels in the near-term future if the Roseton station were to be shut 
down temporarily (Appendix C). 

6.84 Suspending the operation of the Roseton station represents 
a loss of operating revenues to the plant owners estimated to be of 
the order of $300 million per year. The generation of replacement 
energy by alternative power plants is likely to involve an increased 
usage of older, les8 efficient equipment with a corresponding penalty 
in fuel consumption. The increased fuel consumption is estimated to 
be of the order of 2.5 million barrels of fuel oil per year, with a 
1976 spot market value in excess of $37.5 to $40 million per year. 
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6.85 Suspeudini the Itoseton permit during the 2 to 3 years 
necessary to build cooling towers would result in only a negligible 
incremental benefit to the striped bass population. 

Revocation of the Perait 

6.86 Revocation of the Itoseton permit would lead to the aban
donment of the station currently valued at $250 .illion, exclusive of 
laud aud land rights (U.S. Federal Power Co1lUllission, Form 1, Annual 
Report of Central Hudson Gas and Electric Corporation for year ended 
31 December 1976). 'l1le replace_nt value of the generating capacity 
is estimated to be in excess of $1 billion in 1985 dollars. In terms 
of the population of striped bass in the Hudson River, the analysis 
discussed previously shows that relatively little would be gained by 
abandoning the station as opposed to installing cloaed-cycle cooling 
at the station. 
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CHAPTEIl 7 

THE llELATIONSHIP BETWEEN LOCAL SHOIlT-TERM USES OF MAN'S 
ENVIllONMENT AND THE MAIHTEKAHCE AND ENHAHCEMEHT OF 

LONG-TERM PIlODUCTIVITY 

7.01 The relationship between the short-term use of the Hudson 
lliver for power generation and the long-term productivity of the 
estuary may be considered in' terms of spreading urbanization on the 
one hand and the inherent value of the natural resource on the other. 
Both the Bowline Point and lloseton generating stations form part of a 
broad pattern of urbanization in the lower Hudson lliver Valley. 
Together with other existing power plants on the river, 'they 
represent examples of the traditional practice of locating generating 
facilities in relative proximity to the load centers they serve, on 
sites with adequate supplies of water to satisfy the operational 
needs of the power plants and capable of accommodating modest 
expansions of the facilities. 

7.02 As such, the, stations introduce no new trends in siting 
and neither strongly promote nor inhibit human development of the 
area. The visual prominence of the stations contributes heavily to 
the industrial character of the riverfront in their vicinities, but, 
by virtue of their locations and the long-established tradition of 
industry and commerce on the river, the stations are not unique 
features. There is no evidence that the presence of the power plants 
has given rise to any unusual pattern of land use in the valley nor 
that future land use platts might be unduly influenced by the existing 
facilities. Nonetheless, the stations are visually obtrusive and may 
be regarded as a detraction from the natural scenic beauty of the 
valley. In this respect, they do represent a compromise of the 
long-term productivity of the area. 

7.03 Man's influence on the Hudson lliver estuary has been 
sufficiently extensive and prolonged to alter virtually all of the 
native upland ecosystems of the valley. The varied land forms, 
however, provide habitat for a nu.ber of plant and animal species, 
reflecting in their diversity and distribution the past and present 
uses of land on the riverbanks. 

7.04 Despite development of the shoreline for industry, 
transportation, agriculture, residential and recreational uses, and 
the effects of a long history of water pollution, the wetlands remain 
productive. The aquatic ecosystems of the estuary, although altered 
somewhat by man's activities, in all likelihood remain essentially 
those present before intensive settlement of the area, notwith
standing the evident reduction in sturgeon, shellfish and other 
characteristic aquatic life. There is little doubt that the 
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biological productivity of the area has been diminished by some of 
man's previous and continuing activities on the estuary. Regarding 
the.e activities a.8Jb)rt:-tera deS of the environment. it is clear 
that looa-tera pro4aeti'rity: of the •• tuary ha. been reduced. To the 
extent detailed io Chapter-4, the BOwline Point and Roseton Generat
ing Stations as well as the other power plants on the Hudson River 
e.tuary give rise t,o '.P.cts aDd, thus, can be considered in terms of 
short-,.tena uae. of the envirom.ent. A -raote possibility exists that 
the coiltinued operation of these power plants will lead to 
irreversible change. (~apter 8). 
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CHAPTER 8 

IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES 

8.01 The Bowline Point and Roseton Generating Stations are 
major engineering projects that represent a substantial commitment of 
resources. Materials, energy and labor have been irretrievably 
committed ,in constructing the power plants. Their operation involves 
a continuing coumitment of fuel oil and labor. Rejection of waste 
heat from the power plants promotes evaporation of the condenser 
cooling water or a loss of water to the atmosphere. With respect to 
the Hudson River estuary as a water resource, this loss may be 
regarded as irretrievable. Land dedicated to the power plants and 
related facilities, although not an irreversible or irretrievable 
commitment in the strictest sense, is likely to remain in use for 
power generation or other industrial purposes well beyond the 
operational life of the present generating units. The coumitment of 
land to industrial purposes may be considered permanent. Biological 
resources have been and continue to be committed. A reduction in 
biological productivity results from the removal of potential habitat 
for fish and wildlife by the power stations and their continued 
interactions with the environment. Of primary concern are the 
impacts that the power plants exert on the aquatic ecosystem of the 
Hudson River. The opetation of the power plants lead to the 
destruction of fish artd'- other aquatic organisms. Their loss to the 
ecosystem is irretrievable. The question of whether this loss will 
lead to a significant alteration or an irreversible change of the 
ecosystem has not been fully resolved. 

COMMITMENTS AT THE BOWLINE POINT GENERATING STATION 

8.02 The Bowline Point Generating Station occupies a 245-acre 
tract, which includes the 53-acre Bowline Pond and II-acre Bowline 
Point public recreational facility. A short corridor (3.4 miles) 
links the station to transmission facilities that existed prior to 
the construction of the power plant. 

8.03 Areas were drained and filled in preparing the site for 
the project. More extensive portions of the site were cleared of 
vegetation and refuse and graded. Construction work on structures, 
roads, access facilities, parking lots and other paved surfaces and 
landscaping has been completed. Development of the site entailed the 
loss of an estimated 60 acres of wetlands and a loss of habitat for 
upland species not adapted to a mix of urban, surburban and 
industrial conditions. 

8.04 The station structures and equipment represent a permanent 
commitment of construction materials, such as cement, sand, gravel, 
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lumber, masonry, structural steel and steel siding, and a wide 
variety of manufactured items ranling froa boilers, turbine 
lenerators, pumps and other larle cOBponents to valves and plumbing 
supplies. Althoulh a portion of the commitment may be salvageable 
and reusable on decommissioning the station, the major part is 
irretrievably committed. 

8.05 Operation of the Bowline Point station at full power 
entails the consumption of fuel oil at the rate of 1,897 barrels per 
hour. The correspondinl annual consumption is approx~tely 10 
million barrels at a load factor of 0.66. Water losses due to the 
rejection of waste heat are about 30 cubic feet per sec~nd. The 
installation of closed cycle coolinl would increase the evaporative 
loss of water by 10 cubic feet per second. Minor quantities of 
expendable material supplies, such as cheaical cOBpounds used in 
water treatment and equipment cleaninl, maintenance supplies, 
detergents and sanitary products are consumed each year. 

8.06 The withdrawal of water frOB the Hudson River for 
condenser cooling and other purposes gives rise to the de.truction of 
fish and other aquatic organi .. s throulh entrainment and impingement. 
The continued destruction of striped bass and other specie. bY~he 
Bowline Point and other existing stations ul lead to a reduction 
in the adult standing stock in the Hudson 1ver. 

8.07 The term irreversible (or permanent) as applied to the 
effect of entrainment or impingement on a population of striped bass 
has the ecological connotations of: (1) bioligical extinction (no 
striped bass of any age class in the Hudson Rive~ for all time), (2) 
fishery extinction (such small striped bass population spawning in 
the Hud.on River as to be insignificant in its contribution to the 

"sport and commercial striped bas. fishery for all time), or (3) 
permanent reduction (but above the fi.hery-extinction level) in 
population size which continued after the stress is removed. 

8.08 Biological or fishery extinction due to entrainment and 
impingement ~f striped bass eggl, latVae, and Juveniles is only a 
r mote ssibility, even with once-thrOulh cooli at alf ower 
plants on the son 1ver. prevent1ng eXt1nct10n may 
include the occurrence of occasional strong year classes that could 
possibly offset several years of power plant impact. Recruitment of 
spawning fish from other Atlantic coastal stocks is also possible, 
although the extent of its potential occurrence is presently unknown. 
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8.09 A permanent reduction in the striped bass population size 
is ecologically possible. If one component of a biological community 
is selectively stressed so that the population is reduced to low 
levels for many years, a permanent change may occur in the structure 
of the system of which the species is a part and the population may 
be unable to return to the original size after the stress is removed. 
However, the possibility of causing an irreversible change in the ) 
population of striped bass is not presently considered as a matter of 
primary concern. 

8.10 Any reduction in the stock size of striped bass or other 
species resulting from the power generation activities ~n the Hudson 
River must be considered an irretrievable comadtment of that biologi
cal resource for the period over which the reduction remains in 
effect. The fishery yield lost-during the period of reduced stock 
level would also be irretrievable. 

COMMITMENTS AT THE ROSETON GENERATING STATION 

8.11 The Roseton Generating Station occupies a l33-acre tract 
of land. A small pond on the site, previously used for fly ash 
disposal, has been filled in developing the site. No wetlands have 
been affected by the construction of the station. 

8.12 The commitment of materials, energy and labor in 
constructing the Roseton station is similar to that described 
previously in connection with the Bowline Point station. Operation 
of the Roseton station involves the consumption of approximately 12 
million barrels of fuel oil per year. Evaporative losses of cooling 
water presently amount to an estimated 35 cubic feet per second and 
would increase to 42 cubic feet per second if an evaporative closed 
cycle cooling system is installed. 

8.13 Impacts on the aquatic ecosystem of the Hudson RiVer 
estuary resulting from the operation of Roseton station are similar 
in nature, if not· degree 0 those associated with the· 
Poi t tion As ment10ned previous y, the cont1nued operation of 
these two stations in combination with other existing facilities on 
the river might lead to irreversible changes in the ecosystem. There 
is substantial doubt, however t "s event is likely to cocur. 
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CHAPTER 9 

COORDINATION WITH OTHERS AND COMMENTS AND RESPONSES 

PUBLIC PREPARATION 

9.01 In preparing the Draft Environmental Impact Statement, 
the District contacted a large number of Federal, state and local 
governmental agencies, institutions, commissions, societies and 
corporations, with the primarf objective of including all important 
studies and elements of information in the development of the state
ment. Additionally, the District obtained literature searches on 
topics pertinent to the generation of electrical energy on the Hudson 
River from the National Technical Information Service (U.S. Depart
ment of Commerce, 1976c) and the Atomic Industrial Form (Atomic 
Industrial Forum, 1976), and the Smithsonian Science Information 
Exchange, Inc. (Smithsonian, 1976). 

9.02 The District informed the U.S. Environmental Protection 
Agency, Region II and the U.S. Department of the Interior, Northeast 
Region of its obligation relating to the Bowline Point Generating 
Station and the Roseton Generating Station by letters dated, respec
tively, 15 and 16 November, 1976 (Appendix B). Contact was made with 
the U~S. Federal Power Commission, Bureau of Power and the Acting 
Regional Engineer, New York Regional Office to identify sources of 
information pertaining to the need for electrical power in the State 
of New York and other matters that might involve the Hudson River. 
Information on wildlife, fish and fisheries was requested from the 
U.S. Department of the Interior, Fish and Wildlife Service and the 
U.S. Department of Commerce, National Oceanic and Atmospheric Admin
istration, National Marine Fisheries Service. 

9.03 Several officials were contacted in the New York State 
Execu~ive Department, Office of Parks and Recreation; the Department 
of State, Division of State Planning; the Department of Public 
Service, Public Service Commission; and the Department of Environ
mental Conservation, Division of Air Resources, Division of Fish and 
Wildlife and Division of Pure Waters. Information on land use was 
obtained from the appropriate New York State offices, the planning 
departments of most of the counties within the study area and the 
Tri-State Regional Planning Commission. Socioeconomic data pertain
ing to localities of interest were obtained from officials in county 
and township governments. 

9.04 Informed individuals at a number of universities, insti
tutes and public associations, including New York University, Cornell 
University, Dutchess County College, Boyce Thompson Institute, 
Natural Resources Defense Council, Regional Plan Association and 
Mid-Hudson Pattern for Progress, Inc. were contacted. Field data and 
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other pertinent information were requested and obtained from Utility 
companies that· operate power plants on the Hudson River, namely, 
Orange and Rockland, Consolidated Edison, Central Hudson and Niagara 
Mohawk and from the New York Power Pool. 

GOVERNMENTAL AGENCIES 

9.05 Comments on the Draft Environmental Statement were re
ceived from the following governmental agencies: 

Federal Agencies 

Depa~baent of Agriculture, Forest Service 
Department of Agriculture, Soil Conservation Service 
Department of Commerce, Assistant Secretary for 

Science and Technology 
Environmental Protection Agency, Region II 
Department of Health, Education and Welfare, Office 

of the Secretary 
Department of Health, Education and Welfare, Region II 
Deparbaent of Housing and Urban Development, Area Office 
Department of the Interior, Office of the Secretary 
Deparbaent of Transportation, Federal Highway 

Administration 
Department of Transportation, Regional Representative 

of the Secretary 

State of New York 

Department of Environmental Conservation 
Department of Law 
Metropolitan Transportation Authority 

CITIZEN AND OTHER GROUPS 

Comments were received from the following groups: 

Utilities 

Central Hudson Gas and Electric Corporation 
Consolidated Edison Company of New York, Inc. 
Orange and Rockland Utilities, Inc. 

Other Parties 

National Audubon Society _ 
Natural Resources Defense Council, Inc. on behalf 

of the Hudson River Fisherman's Association 
Save Our Stripers, Inc. 
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LETTERS OF COMMENT 

9.06 All letters of comment received on the Draft Environmental 
Impact Statement are reproduced in Appendix A. Comments to which re
sponses have been prepared in the Final Environmental Impact State
ment are indicated in the margin of each letter. Each letter is 
numbered and comments are numbered consecutively within each letter. 
Responses to these comments are given in Chapter 10. 

CHANGES TO THE DRAFT ENVIRONMENTAL IMPACT STATEMENT 

9.07 Comments received on the Draft Environmental Impact State
ment and new data that have become available since the Statement was 
issued, have resulted in revisions to several sections of the State
ment. The availability of new data and technical testimony submit
ted as part of the on-going adjudicatory hearings among the Utilities 
and the U.S. Environmental Protection Agency have resulted in exten
sive revisions to the impact analyses of entrainment, impingement, 
and long-term reduction in adult fish populations in Chapter 4. 
Additionally, the computer anal sis of the'thermal impact of cooling 

er sc aries was ex ed to inc u e a s au at on 0 conditions 
t could result during a droug t year. Corrections were also made 

to the input co t ons 0 e c u analysis of salt drift from 
cooling towers and the results computed on a monthly rather than a 
yearly basis. A drought year was also included in the analysis of 
salt drift. In Chapter 6 (Alternative Actions), more cooling alter
natives have been discussed and a section on potential improvements 
to intake structures has been added. Other changes to the text 
resulting from responses to comments did not materially change the 
findings as originally presented. These text changes are noted in 
response to comments given below. 

RESPONSE TO COMMENTS RECEIVED ON THE DRAFT ENVIRO~NTAL IMPACT 
STATEMENT 

9.08 Responses to the letters of comment on the Draft Environ
mental Impact Statement reproduced in Appendix A are given below. 
Each comment to which a response has been prepared is indicated by a 
vertical line in the margin of the letter in Appendix A. Each letter 
has been given a number and comments within each letter have been 
numbered consecutively so that every comment has a unique hyphenated 
number that identifies it as to the letter it is from and which com
ment it is within the letter. For example, Comment 14-23 would be 
comment 23 from letter 14. 

9.09 The response is given immediately below the comment. In 
some cases, the original comment has been summarized, paraphrased or 
shortened for inclusion here. In such cases, the reader may check 
the original letter in Appendix A for the full text of the comment. 
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u.s. DEPARTMENT OF AGRICULTURE, FOREST SERVIC~ 

Comaent 1-1 

Continued operaiton of Bowline,Point Station would have no 
significant effect OD forested land, beyond that referred to in our 
comments of 1973. 

Response 

Since the chronic effects ofaalt drift to vegetation are 
unknown, and the potential acute, visible impacts can be assessed 
only for less than S percent of the species occurring in the South 
Mountain-High Tor State Pal'k Forest, a deter1lination of "significant 
effect on forest land" would be prelimiary at best (see paragraph 4). 

Coaa.ent 1-2 

Direct daaage to plants from salt would be temporary as stated 
in parearapla. 4.82, pp. 4-47 and 4-48 of the :t)IS. If soil salt 
content should approach the threshold of d .. age for dogwood and other 
sensitive tree species, more r.sistent species could be sub.tituted. 

Response 

A generalization that salt drift damage would be temporary is 
not justified due to the paucity of drift experiments (see paragraph 
4). Replacing daaaged re.idential and urban ornamentals with resis
tant fol'lll8 would be fe .. ible. An attempt to substitute salt-drift 
resistant specie. in natural ecosy.teas would probably result in 
greater environmental impacts from physical disturbances, such as 
trampling and rooting, than if natural recolonization of affected 
sites were allowed. 

u.S. DEPARTMENT OF COKHIRCE, NATIONAL OCEANIC AND ATMOSPHERIC 
ADMINISTRATION, NATIONAL KARINE FISHERIES SERVICE 

Comment 4-1 

we recomaend that the Corp. of Enaineer. consider the alter
native in which the present permit be modified to follow the major 
stipulation found in the National Pollution Discharge Elimination 
System permit issued by the U.S. Enviornmental Protection Agency. 
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Response 

The alternative of closed cycle cooling is one of the alterna
tives included in the EIS, and will be considered by the Corps in any 
subsequent actions which may be taken with respect to modification, 
suspension or revocation of the outstanding permits. 

u.s. DEPARTMENT OF COMMERCE, NATIONAL OCEANIC AND ATMOSPHERIC 
ADMINISTRATION, ENVIRONMENTAL RESEARCH LABORATORIES. 

CoaIIlent 5-1 

Although the report summary concludes, from monitoring data that 
in no instance were the air quality standards exceeded, a numerical 
simulation discussed in Section 4.54 showed 24-hr average S02 con
centrations would exceed standards on the High Tor ridge line near 
the plant. Furthermore, attempts to monitor the ridge location pro
duced inconclusive results because of the apparent sporadic nature of 
the monitoring and tracer test program. In fact, the report goes on 
to say in Section 4.56 that the possiblity of exceeding S02 stand
ards could not be ruled out on the basis of the surveys. The impli
cation in the summary of adverse environmental impacts (page iv) 'is 
otherwise. 

Response 

The conclusion reached in paragraph 4.56 of the DES is based on 
a partial analysis of available information. A complete analysis 
leads to the conclusion now set forth in the FES, namely, that, on 
the basis of both observations and consideration of meteorological 
records, the possiblity of contact between the plume and ,the High Tor 
ridge is remote. 

u.S. ENVIRONMENTAL PROTECTION AGENCY, REGION II 

C01IIIIlent 6-1 

The EPA recommends that a final EIS not be issued until EPA's 
adjudicatory hearings are ended and a decision on the closed-cycle 
requirement is rendered. 

Response 

The Corps is preparing the EIS pursuant to the time requirements 
of a court approved schedule which is embodied in the Final Order. 
The court, in establishing its deadline, was aware of the ongoing EPA 
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, 
hearings dealing with closed cycle cooling, then in progress but did 
not link the Corps' obligation to file its final EIS on the progress 
or completion of those hearings. The recommendation contained in 
these c~nt8 ie therefore in conflict with the rinal Court Order, 
which impo8es on the Corps a ti .. li.it with respect to filing. the 
Final EIS. It should be noted. however, that the BIS has included in 
its discussion of the alternative of closed cycle cooling all infor
mation and data developed to data in the on-going EPA adjudicatory 
hearings dealing withthi. subject. 

Comment 6-2 

Air quality data and modeling results indicate that the source 
does not violate the National Aabient Air Quality Standards. 

Response 

Coauaent noted. 

Comment 6-3 

In light of these comments and in accordance with EPA Procedure, 
we have classified this draft EIS as ER-l, indicating environmental 
reservations on the undisclosed Corps proposal (ER) and information 
sufficient for each a determination (1). 

Response 

COIIlaent noted. 

u.s. DEPARTMENT OF HEALTH, EDUCATION AND WELFARE, -OFFICE OF THE 
SECRETARY 

COIIIIlent 7-1 

We noted that the impact on the quality of river water as re
lated to the marine life is addressed, including aaintenance of water 
quality (SB) level necessary to permit swimming. However, it is also 
noted that there is a need for upgrading the existing quality level 
to provide a potential backup potable water source. The effect on 
this potential source from the discharge of boiler blowdown and other 
chemicals should be addressed. 
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Response 

As indicated in paragraph 2.33 of the DES, water quality over 
the portion of the Hudson River estuary roughly between mile points 
30 and 60 is generally good (Classes SB and B) but unsuitable for 
municipal water supply because of the intrusion of saline water. 
Both the Bowline Point and Roseton stations are on this section of 
the estuary. Attention to the Hudson River as a potential source of 
water for the regional supply system has, to date, focused on the 
reach of the estuary between mile points 86 and 95 (paragraph 1.103 
of the DES). Beyond the consideration of the remoteness and down
stream location of these power plants from the possible source of 
potable water, it may be well to note that the release of contami
nants from the power plants in quantities meeting limitations imposed 
through the National Pollutant Discharge Elimination System permit is 
not expected to cause any appreciable degradation in the quality of 
the receiving waters (paragraphs 4.40, 4.44, and 4.47 of the DES). 

Comment 7-2 

The emissions from the power plant (or plants) are addresssed in 
terms of both the local effect and the additive effect on the quality 
of the air shed. Analysis of the impact on human health would be es
sential in order to complete the assessment. 

Response 
; 

The impacts that the Bowline Point and other generating stations 
on the Hudson River exert on the quality of the air shed are analyzed 
in terms of compliance with or possible violations of regulatory 
standards. These standards, of course, are set on the basis of pub
lic safety and welfare so that further considerations of human 
health, particularly Where all applicable standards are being met, 
appears to be beyond the scope of the environmental statement. 

Comment 7-3 

The entrance into the food chain (sport fish) of the chemicals 
resulting from power plant operation and their potential for biomagni
fication needs analyses and assessment. 

Response 

The chemicals that may be discharged into the aquatic environ
ment as a result of power plant operations are described in Table 4-1 
and Appendix D. 3-D. 5. Most of these compounds are various acids and 
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bases used for cleaning and preventing corrosion of .equi~nt and 
would not be expected to bioaccumulate in aquatic organisms. Only 
one heavy metal, chromium in sodium dichromate (Na2Cr207), is 
known to be present among these chemicals. Although so~ aquatic 
organi .. s may bioaccumulate chromium from low concentrations in the 
ambient environment, chromium has not been reported to biomagnify 
sequentially through the food chain. For several of the chemicals 
used, the composition.is unknown and proprietary to the developing 
company (e.g., Drew G4rd-100, Vertan). Those proprietary chemicals 
containing any of 129 Federally designated "priority pollutants" are 
undergoing evaluation by the U.S. Environmental Protection Agency 
(U.S. Environmental Protection Agency, 1979.). 

Comment 7-4 

In summary, the potential for impacting public health and safety 
should be addressed in order to complete the statement. 

Response 

Public health is the primary focus of the District's analysis of 
the effect of the Bowline Point and the other generating stations on 
air quality and water quality in the study area. Public safety is 
considered specifically in paragraphs 4.229 and 4.230 of the DES in 
terms of potential accidents at the Bowline Point stations and in the 
transportation of fuel to the station. 

U.s. DEPARTMENT OF THE INTERIOR, OFFICE OF THE SECRETARY 

C01IIIlent 10-1 

Several undocumented assertions occur in the·draft statement. 
For exmaple, on page 4-10, it is stated that "In terms of the flow 
regime of the lower Hudson River, the evaporative losses of water 
caused by the rejection of waste heat from existing power plants are 
considered to be negligible." Such statements should be fully 
referenced and supported since we question that it can be properly 
concluded that these effects are negligible. 

Response 

Consumptive use of water associated with the rejection of waste 
heat from all of the existing power plants on the Hudson River estu
ary is estimated by the District to be of the order of 70 cubic feet 
per second (paragraph 4.24 of the DES). This estimate is based on 
duly referenced information supplied by the U.S. Environmental 
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Protection Agency, generally applicable rules-of-thumb taken as 
assumptions in the DES and well established physical constants. A 
comparison is next made between a consumption of 70 cubic feet per 
second, eonsidered by the District to be a high or upper estimate and 
an average annual flow of 13,000 cubic feet per second gaged at Green 
Island, upstream of all the power plants under consideration. Consi
dering further that the freshwater flow is augmented by an unknown 
amount supplied by three major tributaries downstream of the conflu
ence of the Hudson and Mohawk Rivers--identified by the U.S. Depart
ment of the Interior as the Wallkill River and Kinderhook and Rondout 
Creeks (paragraph 2.25 of the DES)--the District concludes that the 
evaporative losses of water are negligible in terms of the flow 
required of the lower Hudson River. 

In terms of depleting the freshwater resource, the District 
notes in its analysis that the major portion of the installed capa
city on the Hudson River is on a reach considered unsuitable for 
municipal water supply because of the intrusion of saline water. 

Comment 10-2 

In several places in the draft statement, for example, para
graphs 4.180 to 4.183, the staff concludes that more accurate and 
reliab~e assessments of potential impacts might be possible if addi
tional data were collected. Any request for additional studies 
should be predicated on an extreme need for specific types of infor
mation and a high probability of obtaining that information. 

Response 

Comment noted. 

Coament 10-3 

The Corps' acknowledgement on page 4-63 that 1974 was character
ized by "exceptionally low freshwater flow" in the Hudson River 
introduces considerable reason for concern. Entrainment and impinge
ment analyses for Bowline rely heavily on field data collected in 
1974. thole data serve as input for very important model runs which 
may serve to identify alternate ~ecision options. Basic questions 
regarding the representative nature of 1974 data and its incorpora
tion into 40-year predictive models should be addressed. 

The above statement on low flow could be correlated with the 
statement at the top of page 4-5 indicating that 1974 is "a year 
considered to be typical." Similarly, the table of Hudson River 
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flows on page 2-15 should be correlated with the statement on page 
4-63 concerning low freshwater flows. 

Response 

COIIIDent 10-4 

The draft statement on page 4-70, concludes that yolk-sac larvae 
of the Atlantic tomcod are most numerous downriver of Haverstraw Bay 
and, therefore, that this distribution greatly reduces their entrain
ment at Bowline. An equally credible conclusion is that the observed 
distribution, with a general downriver maximum density, is a direct 
result of entrainment and impingement at upriver power plants. The 
consequences of this alternative interpretation of existing data 
should be explored thoroughly in the final environmental statement. 

Response 

This statement has been deleted from the FES. 

Comment 10-5 

There is no evidence that the use of a Ricker-type function is 
valid in estimating long-term impacts to white perch, Atlantic cod
tamcod, and American shad. This largely invalidates any conclusions 
obtained by use of equilibrium reduction equation, regardless of the 
confidence with which impingement and entrainment losses might be 
estimated. 

Response 

A discussion of the use of the Ricker formulation to describe 
the population dynamics of Hudson River fish populations begins at 
paragraph 4.229. 

Cooment 10-6 

For purposes of estimating entrainment mortality at Bowline and 
other power plants along the Hudson, the Corps .elected intake f
factors (fl) of 0.5 and 1.0. The rationale for using 0.5 and 1.0 
is unclear. The final statement should include analyses and discus
sions of model predictions (percent reductions in adult stocks) based 
on values of 2.0, 5.0, and 10.0. 
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Response 

The model used in the DES by Oak Ridge National Laboratory to 
estimate long.term reduction in the adult striped population is not 
used in the FES. 

Coament 10-7 

The implicit conclusion from the djscussion on page 4-70 and 
4-71 of , the dES is that blueback herring and alewife will sustain 
only slight entrainment losses because they spawn north of the 
river's power plants is suspect. The conclusion is dependent on the 
mistaken assumption that early life stages of blueback herring and 
alew~fe are distributed very similarly to American shad. This is not 
true. In fact, herring and alewife are more abundant in downstream 
areas as opposed to shad which occur in greatest numbers farther 
north. See Lawler, Matusky and Shelly (1977a, 1977b). The erroneous 
conclusions presented in paragraphs 4.159, 4.160, and 4.175 of the 
DES must be considered in light of these recent references. 

Response 

These sections have been eliminated from the DES and replaced 
with more recent information in the FES. 

Co.-ent 10-8 

The draft statement on page 4-88 summarizes the utility com
panies' position concerning density-dependent growth, namely that 
there exists " ••• a significant negative linear correlation relating 
young-of-the-year density and growth for striped bass in the Indian 
Point region." This is inaccurate. A more recent report submitted 
by the companies points out that data presently available do not 
substantiate the relationship postulated earlier. 

Response 

More recent analyses by the Utilities have found a significant 
negative correlation between striped bass young-of-the-year popula
tion size and growth rate. Review of these data by the staff of the 
u.S. Environmental Protection Agency and their consultants indicates 
that this relationship cannot be substantiated. A discussion of this 
issue begins at paragraph 4.212. 
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Comment 10-9 

The draft statement uses an estimate of striped bass mortality 
at the proposed Cornwall plant. This estimate is in error. 

Response 

Because of the uncertainty of implementation of the Cornwall 
project, its potential impacts are not considered in the FES. 

Comment 10-10 

Other than general statements about the species composition, 
relative densities and seasonal changes in Bowline Pond, the ·draft 
statement provides little useful information to describe fish popu
lations. 

Response 

All presently available data on fish eggs and larvae in Bowline 
Pond has been summarized in the FES (Paragraphs 2.95 and 4.124). 
References to pertinent site-specific studies are provided if more 
details are desired. 

COUIDen t 10-11 

There is general agreement that some adverse impacts, particu
larly those to striped bass, are regional--not localized. The pre
cise geographic and numerical bounds of those impacts remain points 
of controversy. Nonetheless, relative to the discussion on page 4-1, 
it is important that the Corps of Engineers recognize the signifi
cance of the regional impacts of the Bowline plant and not rely sole
lyon an assessment of cumulative power plant impacts to address 
regional concerns. 

Response 

A note has been added to paragraph 4.01 of the FES to indicate 
that, where appropriate, the analysis encoapasses potential impacts 
of a regional character experienced beyond the limits of the study 
area. 
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COIBent 10-12 

The treatment on page 4-103 in the DES of the contribution of 
Hudson River striped bass to the Atlantic coastal population is vague 
and brief. The "contribution" issue deserves more thorough treatment 
in the final environmental statement. 

Response 

The issue concerning contribution of Hudson River striped bass 
to the Atlantic fishery is discussed in more detail in the FES, para
graphs 2 and 4, and Appendix D. 

Comment 10-13 

The assertion on page 3-6 of the draft statement, that the 
existing Bowline facility represents a "baseline or initial condition 
for future planning," requires further explanation. In our view, it 
fails to recognize the intent of Congress when it passed Public Law 
92-500. We believe that the Federal Water Pollution Control Act 
Amendments of 1972 do not provide for, ~ priori, facilities such as 
Bowline as necessary contributors to water pollution. To the con
trary, several sections of that Act, most notably 3l6(a) and 3l6(b) 
were intended to discourage such assumptions. 

Response 

This statement, contained in paragraph 3.23 of the DES, does not 
add substantively to the understanding of the relationship between 
the Bowline Point generating station and land use planning on the 
Hudson River estuary. It has been deleted. 

Comment 10-14 

The conclusion that Bowline Point Generating Station is not 
likely "to present an unusual constraint in devising plans to guide 
and control further growth" requires clarification. If the facility 
is permitted to operate with once-through cooling, it may very well 
influence future development along the Hudson River. Simply on the 
basis of water withdrawals and accompanying aquatic impacts, opera
tion with closed-cycle cooling is preferred to once-through cooling. 
Closed-cycle cooling requires only 2 to 5 percent of the water used 
in once-through systems. A similar reduction in aquatic impacts 
could very easily influence future uses of the Hudson River Estuary. 
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Response 

This stateaent contained in paragraphs 3.23 of the DES does not 
add substantively to the understanding of the relationship between 
the Bowline Point station and land use plannina on the Hudson River 
estuary. It has been deleted. 

Cooment 10-15 

We are pleased to note that the draft environmental stateaent, 
on page 3-3, recognizes the work proceeding under the current Hudson 
River Basin Level B Study. Any further studies or project implemen
tation phases should be related to the findings of the basin-wide 
study. 

Response 

COIIlIIIent noted. 

Cooment 10-16 

The discussions in paragraph 4.85, on page 4-48 of the DES has 
not demonstrated that plants are more likely to be adversely impacted 
by average annual concentrations of salt in the air and rates of 
deposition of salt than by concentrations and depositions of greater 
magnitude and shorter duration. The entire discussion and analysis 
of potential impacts from salt depoaitionis keyed to average annual 
predictions. The usefulness of such an approach is questionable in 
the absence of more specific information concerning lethal exposure 
thresholds, acclimation capabilities, and duration-magnitude projec
tions. The final statement should be expanded to cover these addi
tional considerations. 

Response 

The DEIS discussiona in paragraph 4.85 have been revised using 
the only reliable information available (see paragraphs 4.84 and 
4.10]). Lethal exposure thresholds and acclimation capabilities are 
not known, and duration magnitude projections cannot be made. The 
limitations of the salt drift impact assessment in the FEIS are 
explicitly stated in paragraph 4.86 • 
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Coaaent 10-l7 

Sections 2.123 and 2.124 on page 2-67 of the draft statement 
provide only scant information concerning ~xisting recreational 
resources of the area under study. The basic listing of activities 
presented should be complemented by identifying som~ of the major 
attractions or by t~bulating the total overall activities. For exam
ple, the total number of boat slips and boat ramps within view of the 
plant sites under study should be tabulated as should the total num
ber of marinas and river access points near the plant sites. Major 
marinas or access points should be id~ntified. The area could be 
overflown on randomly selected days to' count the recreational vessels 
on the river to obtain estimates of boating use. 

R.esponse 

Since the Bowline Point Generating Station is built and has been 
in operation for a number of years, its visibility is taken as the 
major source of potential impact on recreational facilities in the 
vicinity of the station. Considerable attention is given in the DES 
to the visual intrusion of the power plant (for example, paragraphs 
4.220 through 4.224 and 5.02 of the DES) and the emphasis placed on 
its visual impact by the Hudson River Valley Commission in reviewing 
the Bowline Point project (paragraphs 1.57 and 3.18 of the DES). 

From its analysis, the District has concluded that the visibil
ity of the power plant and other aspects of the plant's operation 
relating directly to the human resources of the study area (para
graphs 4.216 through 4.236 of the DES) have not discernibly affected 
local land use, property values in the area of patterns of urbaniza
tion, industrialization and business activities (paragraphs 3.06 and 
3.11 of the DES). Further, the public recreational facility provided 
in part by Orange and Rockland has proved to be a popular local 
attraction in spite of its close proximity to the -power plant (para
graphs 1.43 and 3.07 of the DES). 

For these reasons, the District does not consider the visual 
impact of the Bowline Point stations, in terms of its effects on 
local recreational amenities, to be a matter of substantive concern. 
Accordingly, the effort needed to cataloge the recreational facili
ties within the viewshed of the power plant, to estimate the usage of 
these facilities, and next to attempt to make comparisons between the 
preconstruct ion and operational phases of the Bowline Point project 
appears to be unwarranted. The District does recognize that the 
visibility of the station may inhibit certain types of residential, 
commercial or recreational developments in its vicinity (paragraph 
3.11 of the DES). It may be well to note here that none of the 
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comments on the DES point to any significant adverse impact on recrea
tional facilities experienced since the construction of the Bowline 
Point station. 

Comment 10-18 
~ 

Swimming areas and camping areas within view of the plant sites 
should be identified with a measurement of acreage and river front
age. State parks in the area should be identified with data concern
ing acreace, annual visitation, shore frontage, distance to plant 
sites, vista intrusion, types of activities included. Valley resorts 
and clubs impacted by the visual intrusion on recreation sites with 
and without natural draft cooling towers and discuss the extent to 
which these effects might be mitigated by alternative cooling systems 
such as mechanical draft towers or a cooling pond. 

Response 

See response to preceding comment. 

Comment 10-19 

The protection of cultural resources has received only limited 
attention in the draft statement. We are particularly concerned 
about the possible impacts on three Bational Historic Landmarks shown 
on Table 2-16; they are: The Stony Point Battlefield, the Palisades 
Interstate Park and the Van Cortlandt Kanor. In performing a more 
detailed analysis of impacts on these three historic sites, the State 
Historic Preservation Officer should be consulted along with local 
historical authorities, concerning the probability, character, and 
magnitude of impacts on all the sites identified. As indicated in 
paragraph 2.121, compliance with 36 CFR Part 800 appears to be war
ranted for at least three sites mentioned above. Further consulta
tion with the State Historic Preservation Officer should confirm 
this. 

Response 

In the analysis prelented in the DES, two potential sources of 
impact on historical resources are considered--acidic mists formed by 
the interaction of plumes from the stacks and cooling towers, if. 
these are ultimately inltalled, and visual intrusion. On the basis 
of observations at operating natural draft cooling towers, the possi
bility of an increase in the incidence of fog and by inference, 
acidic mists, if these are formed at all, at ground level near the 
Bowline Point station is considered to be remote (paragraph 6.25 of 
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the DES). Accordingly, it is not expected that damage to structures, 
including those of historical value, caused by corrosive airborne 
contaminants would be appreciably aggravated if evaporative cooling 
towers are installed. It may be well to note that recognition is 
given in the analysis to the contribution of the Bowline Point and 
Roseton generating stations to the formation of sulfate and nitrate 
aerosols and the attendant hazards of acid precipitation in the 
northern United States (paragraph 5.05 of the DES). Although the 
operation of these stations leads to no violations of applicable air 
quality standards. 

Regarding the visibility of the power plants, the District has 
recognized the criterion of visual intrusion as one of the set of 
criteria identified by the U.S. Department of the Interior as perti
nent in the determination of impact on historical resources (para
graphs 4.235 of the DES). Available analytical techniques to make 
such determinations, however, are limited and generally apply in 
predictive situations. In the case of the existing Bowline Point and 
Roseton generating stations, the District considers the revocation of 
its permits, forcing the abandonment and dismantling of the stations, 
as the only effective means of reducing possible visual impacts on 
historic sites in the vicinity of the stations. As stated in para
graph 6.01 of the DES, the District has considered this course of 
action and evidence of adverse impacts on historic sites is one of 
the factors entering into the District's final decision. No specific 
instance of damage to historic sites has been reported in comments to 
the DES. 

COlIIDent 10-20 

Although there may have been previous ground disturbances in the 
area, we believe that the final statement should address the presence 
and protection as necessary, of archeological values that may be 
affected as a result of cooling tower construction. If these matters 
have not previously been considered at the proposed site of construc
tion, they should be assessed at this time. The final statement 
should include the comments of the State Historic Preservation 
Officer and show compliance with 36 CFR Part 800. 

Response 

An archeological survey of the Bowline Point site has not been 
conducted. Accordingly, information needed to assess the potential 
for destroying archaeological values if cooling towers are construc
ted is not available to the District. The District has considered 
the requirement that an archaeological survey be conducted and that 
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the necessary protection be provided as an additional condition to 
its permits covering the Bowline Point and Roaeton Generating 
stations. 

Comment 10-21 

The discussion in paragraph 5.01, of adverse impacts on page 5-1 
of the DES states that there is no reason to believe that the con
struction or operation of the Bowline and Roseton stations will 
affect groundwaters in their vicinity. We agree that the possibility 
of adverse impacts on groundwater are negligible since oil is being 
used as fuel. In the event of the conversion to coal, which appears 
to be unlikely, further analysis of groundwater impacts would be 
necessary. It i~ possible that the plant will be modified to· use 
cooling towers under which conditions aalt from the .cooling tower 
drift may infiltrate the groundwater. The final statement should 
assess the potential for salt infiltration to the groundwater from 
this source. 

Response 

The maximum average deposition of salt at 0.2 mile of the pro
posed Bowline Point towers during the 1964-1965 drought would have 
been 39.5 kg/ha/yr (see paragraph 4.p,9). Salt deposition within 270 
m of the ocean under a pine forest averaged 687.6 kg/ha/yr during a 
recent study (Potts, 1978). Because of this 17-fold difference and 
the presence of potable water at distances less than 270 m along 
oceanic coasts, the potential for adverse impact of salt to ground
water at Bowline Point is probably remote. The potential risk at 
Roseton is even lower due to substantially lower deposition rates 
than at Bowline Point (see paragraph 4.1Q8). 
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STATE OF NEW YORK, DEPARTMENT OF ENVIRONMENTAL CONSERVATION 

COIIDent 13-1 

To eliminate duplicative efforts, we suggest that the Army Corps 
of Engineers become a party to the on-going EPA adjudicatory hear
ings, or at least defer judgment on Bowline Point and other Hudson 
River power plants until EPA hearings have resolved the issue of 
close-cycle cooling. 

Response 

The Corps is preparing the EIS pursuant to the time require
ments of a court approved schedule which is embodied in the Final 
Order. The court, in establishing its deadline, was aware of the on
going EPA hearings dealing with closed cycle cooling, then in pro
gress but did not link the Corps' obligation to file its final EIS on 
the progress or completion of those hearings. The recommendation 
contained in these comments is therefore in conflict with the Final 
Court Order, which imposes on the Corps a ~ime limit with respect to 
filing the Final EIS. It should be noted, however, that the EIS has 
included in its discussion of the alternative of closed cycle cooling 
all information and data developed to data in the ongoing EPA adjudi
catory hearings dealing with this subject. 

Comment 13a-l 

The consent decree directs the Corps of Engineers to prepare a 
draft EIS and circulate it for comments on the cumulative effects of 
Bowline Point Generating Station together with existing or proposed 
electric generating plants on the Hudson. A similar decree was is
sued for Roseton Generating Station. It is unclear whether the DES 
is designed to satisfy both decrees. The data for Bowline Point 
predominates, but discussion for the Roseton Plant also appear. We 
have reviewed the statement as pertaining to Bowline Point. It would 
be helpful to hear when a DES for Roseton is expected. 

Response 

The draft EIS was designed to consider the cumulative effects of 
existing or proposed electric -generating stations on the Hudson River 
thereby satisfying the Consent Decrees issued for both Bowline Point 
and Roseton facilities. The decree issued for Roseton provided that 
the study and evaluation shall be based on information and data de
veloped by the Corps or Engineers from the EIS prepared in connection 
with the operation of the Orange and Rockland plant at Bowline Point. 
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Comment l3a-2 

The DES contains a clear explanation of the individual and cumu
lative thermal loads on the river due to once-through cooling. Yet 
the cumulative effect. of other impacts such as noise, aesthetics, or 
salt drift from cooling to~ers are not consisely presented. 

Response 

Concern over the continued operation of the subject power plants 
with once-through cooling centers on their individual and combined 
effects on the aquatic ecosystem of the Hudson River estuary. Ac
cordingly, this topic is prominent in the analysis prese~ted in the 
DES. 

Other potential sources of cumulative impacts, however, have not 
been overlooked. Among these are airborne-emissions of sulfur diox
ide from the Bowline Poiat, Lovett, Roseton and Danskammer stations 
as well as possible interactions among the plumes from stacks and 
cooling towers, wi th the consequent format,ion of acidic mists. For 
reasons given in par.graphs 4.52 and 4.53 of the DES, tha cumulative 
impacts of these stations on air quality in the study area are not 
expected to be appreciable. 

There are presently no reported instances of citizens' com
plaints made as a result of noise generated at the power plants. 
Large structures such as power plants and cooling towers are at a 
rudimenta'ry stage of development and means of deriving a succinct 
measure of cumulative visual impacts are not available. Such impacts 
are put into perspective in the DES by tracing the historic develop
ment of the Hudson River estuary (paragraphs 2.04 through 2.08) and 
relating the presence of the power plants on the river to that devel
opment (for example, paragraph 4.224 of the DES). 

COIIIIlent 13a-3 

Finally, the DES presents no recommended actions. There is no 
concluding summary which presents a preferred list of actions. The 
different alternative plans are not rated for their environmental 
impact. The reader receives no hint from the authors as to the 
solution which balances'environmental impacts at Bowline Point. The 
Army Corps of Engineers has presented no proposal for Bowline Point 
Generating Station. A draft EIS should make some ordering of pos
sible actions so that the reviewing agencies can best make comments 
to the Army Corps of Engineers. Therefore, the draft environmental 
.tatement should be redone incorporating the recommended actions and 
analysis supporting these recommendations. It should be reissued for 
comments after the Corps staff recommendations are incol'porated 
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into a draft statement, and after comments on this draft statement 
are received, a final environmental statement prepared and issued. 

ltesponse 

The EIS was prepared to present several alternative actions 
related to the Corps of Engineers permit authorizing construction 
in navigable waters of the Hudson River of water intake structures 
forming part of the Bowline Point Generating Stations. Current 
regulations dealing with the preparation of the EIS do not require 
the Corps to rate the alternatives for their environmental impact. 
The data contained in the Final EIS will be utilized, ho~ever, by the 
Corps together with all other information contained in the adminiS-) 
trative record in their decision affecting the modification, suspen
sion or revocation of the existing permits. 

COIIIDent 13a-4 

The DES should compare the rate of flow in different parts of 
the intake train (Table 1-2) with the cruising speeds of fishes, such 
as Atlantic tomcod and striped bass, that are entrained and impinged 
at a high rate. 

Response 

The entrainment and impingement of striped bass and other fishes 
of the Hudson River are treated extensively in Chapter 4 of the DES. 
Noting the cruising speeds of these fishes and comparing these to the 
velocity of flow in various parts of the intake system is considered 
overly simplistic, possibly misleading and inappropriate in the sec
tion of the DES providing a description of the Bowline Point Generat
ing station. 

Co_ent 13a-5 

The statement does not address the various methods by which 
these flow rates can be reduced to lessen impingement and entrainment 
losses during critical spawning or migration seasons. 

Response 

Such methods are discussed in detail in paragraphs 6.48 through 
6.57 of the DES. An expanded section dealing with recent innova
tionsin techniques designed to reduce damage at the wat~r intakes of 
steam-electric power plants has been added to Chapter 6 of the FES. 
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Comment 13a-6 

The construction of any of the cooling tower options, modifica
tions of Bowline Pond inlet, dredging of Bowline Pond, or alterations 
of the intake or outflow will generate some amount of spoil. If a 
large volume of spoil is produced, then detailed evaluation of the 
impact of the disposal of the spoil is due including the location and 
ultimate disposition of the spoil. Additionally, the production of 
sediment during construction and its delivery in run-off to nearby 
water bodies. should be addressed. 

Response 

Installing cooling towers at the Bowline Point station or imple
menting certain other alternatives to the present open cycle cooling 
systems would entail excavation work or dredging. Spoil would be 
generated in these operations and appropriate sites, either upland or 
at sea, would be needed for its disposal. 

ComIIent 13a-7 

Plants which will be subject to foliar injury from salt drift 
are not limited to the Orange and Rockland property as implied in 
the subsection of the DES beginning on pages 4-47, paragraph 4.80. 
Several critical areas will be exposed to increased airborne salt 
in the Hudson River Valley such as High Tor Kountain, Bear Mountain 
Park, and Harriman Park. A map and a more detailed description of 
the vegetation and critical areas potentially impacted by salt drift 
are needed. 

Response 

Only 11 plant species have been tested reliably for salt drift 
impacts. The distribution of these species and their potential to be 
damaged are discussed in paragraphs 4.85. The probability of other 
species being affected cannot be assessed due to a lack of 
information. 

Comment 13a-8 

In Section 2.81 of the DES, the discussion of effects on two 
species, the short-nose sturgeon (endangered) and the Atlantic stur
geon (threatened) is inadequate. Spawning and nursery areas are not 
mapped or described. Although this information is, in part, unknown, 
the DES does not hypothesize the likelihood of impact on these two 
important fish species. 
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Response 

The existing populations of the two species of sturgeon are 
described in paragraph 2.81 (Endangered or Threatened Species) and 
the apparent effects of Hudson River power plants on sturgeon are 
addressed in paragraph 4. (impacts to Endangered or Threatened Spe
cies). These discussions have been expanded to include information 
in the testimony of W. Dovel (1979), which recently became available. 

Cooanent 13a-9 

Plants in the area are only identified and listed iL paragraph 
2.82, page 2-48 of the DES; no analysis on site or in the salt drift 
area appears. Experiments have shown Dogwood, a protected 'plant, to 
be a susceptible species to salt drift. Other protected plants may 
also be susceptible to salt drift. 

Response 

The salt drift impact assessment in the FEIS is the result of a 
site reconnaissance, literature critique, and computerized modeling 
of salt drift deposition. See paragraph 4.90 for specific species 
effects. 

Comment l3a-lO 

The discussion of the physiography of the locale of the Bowline 
Point station contains no mention of the Ramapo Fault. The discus
sion should include some consideration of this feature. 

Response 

A reference to the Ramapo Fault has been added to discussion in 
paragraph 2.17. A more detailed discussion of this fault system may 
be found in Aggarwal and Sykes (1978). 

CODIDent 13a-11 

The probability of drought over the life of Bowline Point Gener
ating Station is not addressed. Such climatological information is 
important in assessing possible impacts from salt drift. 

Response 

An analysis of salt drift during a drought year has been in
cluded in the FES. 
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Comment 13a-12 

The oscillation of the salt wedge movement should be related 
to the likely increase in airborne salt in drift from the cooling 
towers. 

Response 

An expanded analysis of the salt drift including moothly vari
ations in the deposition rate of salt, has been added to the PES. 

Comment 13a-13 

Discussions of adults, eggs, and larvae of the several species 
of fish occurring in Bowline Pond should include a comparison with 
fish in the open river and a record of abundance for a representative 
one-year ~eriod. 

Response 

The discussion of fish egg8, adults, and larvae in Bowline Pond 
and the Hudson River has been expanded in the PES and references pro
vided for more detailed information. 

Comment 13a-14 

The data as presented in the thermal analysis and mo~eling 
section reflects sampling at specific times. A description which 
relates the frequency of occurrence of temperatures which exceed 
State and Federal standards would be helpful in understanding the 
expected thermal impact during the "worst case" situation. 

Response 

Additional information has been given in the revised analysis in 
the FEIS. 

Comment 13a-15 

The calculated total esti~ted 10S8 of 70 cfs associated with 
the rejection of waste heat from all of the existing power plants 
on the Hudson River estuary, as discussed in paragraphs 4.23 through 
4.26 of the DES, is indeed small when compared to 13,000 cfs, the 
average annual flow of the river at Green Island. However, the mean 
daily flow at Green Island drops to approximately 5,000 cfs during 
August in normal years and dropped to less than 3,000 cfs in August 
during the drought years of 1962-1964. Since Bowline Point is in an 
area of salt wedge dominance and draws brackish water most of the 
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time, it is not expected to affect the movement of the salt wedge. 
However, the Rose.ton Plant may exert a greater influence, since it 
is further upstream. In addition, consideration should be given to 
the three proposed upstreaa stations, Greene County, Mid-Hudson, and 
Stuyvesant as well as to water withdrawn from the river by several 
municipalities, including the City of Poughkeepsie. 

Respon~e 

As indicated in paragraph 4.24 of the DES, the District's es
timate of the total loss of water due to the operation of existing 
power plants is considered to be an upper or conservative value. 
Further, flows gaged at Green Island represent the major portion but 
not the entire flow of freshwater into the Hudson River downstream of 
its confluence with the Mohawk River (paragraphs 2.25 through 2.28) 

For these reasons, the estimated evaporative consumption of 70 
cubic feet per second compared to an annual average flow of 13,000 
cubic feet per second gaged at Green Island is expected to have a 
negligible effect in terms of the systematic, year-round movement of 
the salt wedge in the estuary. During years of normal or above nor
mal flow, the salt front reaches the Bowline Point, Lovett and Indian 
Point stations at approxiaately mile point 40 in summer and fall, but 
does not reach the Roseton and Danskammer stations at approximately 
mile pOint 60 (paragraph 2.31 of the DES). During periods of abnor
mally low flow, the salt front moves to the Roseton and Danskammer 
stations and beyond, reaching as far as Hyde Park at approximately 
mile point 80 in the drought year of 1964. Thus, in normal years, 
an evaporative loss of freshwater amounting to 20 cubic feet per 
second due to the operation of the Roseton and Danskammer stations 
(paragraph 4.24 of the DES) might be coatpared to a flow of 5,000 
cubic feet per second gaged at Green Island. In years of very 
low flow or severe drought, practically all of the estimated total 
evaporative loss of 70 cubic feet per second would be from brackish 
water. It is conceivable, however, that in intermediate situations 
the loss of 20 cubic feet of freshwater per second in the vicinity 
of the Roseton station could give rise to slight perturbations in the 
movement of the salt front. 

With respect to possible future power plants on the river, the 
District recognizes that there would be a limit to the additional 
waste heat that could be accomodated without appreciably affecting 
the movement of the salt front or other hydrologic characteristics of 
the river or substantially depleting the freshwater resource (para
graph 4.26 of the DES). When this limit would be reached is unknown. 
Similarly, estimates of total withdrawals of water from the Hudson 
River by municipalities and industry is presently unknown. Regard
less of whether or not these withdrawals have an appreciable effect 
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on the movement of the salt front, it is clear that the added con
sumption of water caused by the operation of the power plants would 
make a small cumulative contribution to this effect for the reasons 
detailed above. 

Comment l3a-16 

Total settleable particulate deposition is presented on an 
annual basis in sections 4.49 through 4.72 of the DES. To be compar
able with New York Ambient Air Quality Standards, monthly settleable 
particulate deposition should be presented. 

Response 

Reference is made in this comment to an extensive portion of the 
DES and it is difficult to pinpoint the specific instances in which 
annually-averaged deposition rates for settleable particulates are 
quoted in place of more useful values derived from averages taken 
over shorter intervals of time. 

Comment 13a-17 

Maximum predicted deposition for salt alone should have been 
presented for the critical months of July, August and September when 
river salinity is highest. 

Response 

A more extensive and detailed analysis of sslt drift and the 
attendant deposition of salt is given in the PES. MOnthly values of 
the deposition are given in the expanded analysis. 

Comment 13a-18 

It is stated in section 4.53 of the DES that merging of the 
cooling tower and stack plumes would occur frequently but no specific 
details of the orientations of the stack and proposed cooling towers 
with respect to the prevailing wind directions are given. Conflict
ing reports from plants with operating cooling towers exist with re
spect to increased acidity of rainfall or drift. While the authors 
do not expect this effect "to be appreciable," perhaps the degree of 
impact can be further refined. 

Response 

As stated in section 4.53 of the DES, knowledge of the physical 
and chemical phenomena leading to the formation of acidic mists in 
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merged pluaes is incoaplete. There are, at present, no means of pre
dicting either the frequency at which the pluaes might interact or 
the extent and severity of the impacts associated with these inter
actions. Such potential effects are not expected to be appreciable 
in view of the paucity of evidence pointing to significant problems 
at fossil-fueled power plants equipped with evaporative cooling 
towers. 

Co_nt 13a-19 

The phenomenoa of salt draft is treated in Sections 4.64 and 
4.65 of the DES as a temporary condition that occurs only intermit
tently. Although the concentration of salt will vary, t~e exposure 
will be continual. Rain _y provide SOlIe relief by rinsing the veg
etation from external salt deposits. A 30 to 40 year ex~sure to 
salt-laden air may cause pel'llllnent changes in the vegetation. The 
final ElS should reflect this condition. 

Response 

An expanded analysis of salt drift and deposition is included in 
the PES. 

Comment 13a-20 

Maps of the Bowline Point and Roseton areas, with isoplethes to 
indicate salt concentrations and deposition rates, would assist in 
understanding how the analysis of salt drifts relates to the site. A 
map that translates the amount of salt deposition to the degree of 

. expected damage to susceptable plant species would be helpful in as
sessing the adverse environmental impact of salt drift on vegetation. 

Response 

To the greatest extent possible, these suggestions are incorpo
rated in the expanded analysis of salt drift presented in the PES. 

C01IID8nt 13a-21 

l.equirellents to replace spect.ens injured by salt drift (see 
page 4-47, paragraphs 4.81-4.85 of the DES) or plans for rinsing 
deposited salt off susceptible foliage should be discussed in the 
Final ElS. 

Response 

Replacement of injured species has been discussed for Comaent 
1-2. Rinsing deposited salt is theoretically possible but probably 
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impractical since deposition on each plant would have to be con
tinually monitored to determine when the no-visible-effect level 
would be attained. 

COllDlent 13a-22 

It asy be more significant to analyze the impact of the Bowline 
and Roseton stations in relation to other Hudson River generating 
stations in the region. While the DES reviews such work, it draws 
no conclusions. The statement should note whether a course of action 
for Bowline Point and R08eton should be determined by analyzing the 
impact of each station iD4ividually or a comparison of all generating 
facilities within the region. It should also note whether an indi
vidual species analysis, as is presented for striped bass, 'is impor
tant in the analysis of impact. As this section stands, it is only a 
summary of lite~ature, not a statement of analysis. 

Response 

The determination of a course of action concerning the Bowline 
and Roseton Generating S~ations will be made based on impacts due to 
each station individually as well as the combined impacts of all 
power stations operating on the Hudson River. An environmental im
pact statement is an environmental disclosure document, the purpose 
of which is to contribute environmental information to the decision 
asking process. An impact statement is not the decision docUlllent 
i Uelf • Corps regulations specifically require that a course of 
action regarding permit applications cannot be announced until at 
least 30 days after release of the final environmental impact state
ment. The District disagrees with the statement that the DES is not 
an analysis of impacts. 

Comment 13a-23 

The section of the DES beginning on page 4-47, paragraphs 
4.81-4.85 has a inadequate description of salt drift impacts. The 
air quality section (pp. 4-27 through 4-31) is not explicit in its 
estiastion of the likelihood and location of salt deposition. An 
analysis of the expected impacts is not given in either section. 
Three susceptible species are listed; of these, flowering dogwood, 
is a protected native plant. 

Response 

The DEIS discussions have been replaced with the only reliable 
information available concerning salt drift effects (see paragraphs 
4.102). Flowering dogwood probably would not be visibly, acutely 
affected during a drought such as 1964-5. 
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COIIIent l3a-24 

Mitigation measures for foliage injured by salt drift are not 
discussed in the section of the DES beginning on page 4-47, para
graphs 4.81-4.85. The following issues should be addressed in the 
Final EIS: 

• replaceaent costs for injured plants, 

• agent responsible for plant replacement, and 

• long-term impacts to vegetation. 

Response 

Since the potential effects of salt drift to plants can be as
sessed for only 11 species, an estimate of replacement costs would 
not be reliable. The designation of parties responsible for envi
ronmental damage costs is not a function of an environmental impact 
state. Long-term drift imapcts to vegetat'ion are not known. (see 
paragraph 4. ). 

Comment 13a-25 

On page 4-49, paragraph 4.88 of the DES, the statement summa
rizes that the cumulative impact on upland ecosystem from salt drift 
will be similar _ong the various Hudson River power plants. Fur
thermore, the statement indicates that, "the overall land area de
voted to power plants would ~a a small percentage ot the total land 
area of the Hudson River Valley." The authors oversimplify the 
situation. 

Response 

The DEIS discussion on page 4-47 has been deleted since 
cumulative salt drift impacts cannot be properly assessed due to a 
lack of sufficient information. 

Comment l3a-26 

Since impingement losses at Bowline are greatest between October 
and April, and coincide with the lowest thermal loads on the river, 
perhaps a scheme of reduced pumping would alleviate impingement 
losses. The statement does not seem to try and correlate the dif
ferent impacts with respect to season or overall thermal conditions 
in the river. 



"H' , 

Response 

Probleu a.sociated with this alternative are discussed in Chap
ter 6 of the PES be.tnning at paragraph 6.69 • 

Co_ent 13a-27 

In the DES, paragraph 4.116, entitled Pis~ Impingement, the 
analyses relies heavily on impact to striped bass. An atteapt to 
better assess the adverse impacts on other species should be made • • 
Response 

The Bowline fish impingement section has been rewritten for the 
PES. The revised section disCUSBes impacts to other species of fish • 
including white perch, blueback herring, rainbow smelt, alewife, bay 
anchovy, and Atlatttic t~mcod. 

C01lUllent 13a-28 

The alternatives to the pre.ent once-through cooling system 
are not preBented in any detail. Natural draft cooling towers are 
described but a detailed -comparison of relative impacts is lacking. 
The individual and cumulative effects of, for example, increased 
icing and fogging, increased and mortality, evaporative losses on 
river flow regime aDd blowdOh discharges are not compared to the 
adverse impacts of once-through cooling. The alternatives to nat
ural draft cooling towers are presented cursorily and, seemingly, 
without seriousnes~. 

Response 

As indicated in paragraph 1.61 of the DES, 'the U.S. Environ
mental Protection Agency is requiring, through the prOvisions of the 
National Pollutant Discharge Elimination Systea (HPDES) programs, 
that closed cycle-cooling systeas be backfitted to the Bowline Point 
and to the other eligible power plants on the Hudson River. These 
requirements are being contest by the utility cOmpanies involved lInd 
an adjudicatory hearing on the matter is currently in progress before 
the Environmental Protection Agency. Decisions on whether and at 
which facilities closed-cycle cooling systems will be required, will 
be made by the Environmental Protection Agency. 

Accordingly, the District has assessed the impacts associated 
with the BoWline Point aDd Roseton stations operating both with open
cycle and closed-cycle cooling systems as well as the cumulative im
pacts of closed-cycle cooling systems at all of the eligible plants 
on the Hudson River. This situation would prevail in the long terDe 
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if the Enviroamental Protection Agency's present requirements ulti
mately remain in effect and if the District maintains its present 
pel'lllits and coDditiou relating to the subject power plants. A 
number of closed cycle cooling alternatives are considered in this 
context (parasraphs 6.10 through 6.64 of the DES) since decisions on 
the specific type of cooling syst~ .to be installed at each of the 
eligible power plants have not been made to date. The objective of 
this portion of the District's analyeis is to eaaeompass the range of 
possible iBpacts associated with closed-cycle cooling and to focus on 
the pertinent characteristics of each alternative system that appears 
practical. In this .anner, the District has considered the outcome 
of some of the alternative options relating to the continued opera
tion of the Bowline Point and Roseton generating stations. 

There is no intent on the part of the District to provide a 
detailed analysiS on which to base the choice of a particular type 
of, closed-cycle coolina system as beat suited for the Bowline Point 
Station. Such an analyais would require information that haa not 
been developed to date. Orange and RocklaDd has identified natural 
draft evaporative cooling towers as the preferred closed-cycle cool
ing alternative and have prepared technical design documents for a 
proposed syete. (Orange and Rockland, 1974a; 1977). 

On the basis of this design, the District has made estimates of 
the enviromaental itlpacta that l18y be expected to result from the 
installation of a natural draft cooling system as well as comparisons 
of these impacts with the impacts associated with practical alterna
tive systems (Chapters 4 and 6 of the DES and PES). Underlying this 
assessment and comparative analysis are general considerations and 
findings reported in the literature, generally applicable rules of 
thumb aDd parallels drawn, wherever appropriate, from an analysis 
related to coolina alternatives at Unit 2 of the Indian Point station 
(U.S. Nuclear Regulatory ComDdssion, 1976). It'may be anticipated 
that more detailed analyses on alternative cooling systems and their 
environmental impacts will be submitted by Orange and Rockland to the 
District when the company submits an application for the permita nec
essary to construct a closed-cycle cooling system. An environmental 
assessment of the various alternati98s would be made at that time. 

COllllUnt 13a-29 

A comparison of the icing and fogging of the cooling tower 
alternatives in the Bowline Point vicinity should be added to par_
graphs 6.24 through 6.26 of the DES. 
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B.eaponae 
o!!t 

Paraaraphe 6.24 throuah 6.25 of· tJle DIS deal with the ablos
pherte effects ueoe1ated with evaporative .terlal '-"t ~ c:ool1na 
towers. Inforution i.'liven in then 'JNlY .. raplla to,·~ the 
District' a f conc!uslon tut fOl81na' .aad :let .. l'Gulti., froll the oper
ation -of ut8raJ,; draft .• versat the, Bowline .oint at'aU.ll11n are not 
expected to pose an, .1l1lifiCallt, proltl ••. 'I.~ the ~.e of··tIedlaiea1 
draft coo11118 tower., 1t:aqbe anticipated that the'l&tao.pberie ef
fects resultt. £rca the"rel.eaae of wanJ:1IOist cairrerl.Jtive1Y elose 
to aroUDd level ~U1.._ .ore: ,rOllOUlleeci. a'a lw1tcatea In parqraphs 
6.37 eDd 6.38 of ·the' .... OIl the' baat •• f opetatiaa' experience 
reported in the Uteratare aDd .an ... l,..ts of·alterutive e1osed
cycle cooling alternative~ for Unit 2 of the Indian Point lenerating 
station (U.S. Nuelear .... iatory CO.m,saion. 1976).; Ir1ght 'friable 
ice ia expectecl'ito fota inth. v1einity of tU'.ool1q,'t01Mra und.r 
certain .. teoroloa!cal cODditiona'·and in .. at i_ta.es; fogling 
and icina .r. expect.d to be.conftnad to cliatanea. of· 1.000 to 2,000 
feK froa the towers. 'lxperieace with .pray CooUD8c fODda ts ere 
lialtad. Dri.ft •• nerated by the spray .... 1 •• 'ia' aulNltaatial and 
an application of; th,ta: II". of eooling a,at. tn Bow-line PoDd would 
require a careful d .. il* to aVoid' crjaUDsa probl. i. theresiden
tia1 neighborhood a close to the power plant. As indicated in para
graph 6.42 of the ml, the DUtrlct .attutes 'oli the Mets >of avail
able infol'll8tlon that a buffer zone of 1,000 to 1,500 feet would be 
needed to confiae fOiging aDd drift froil the a pray coo 11 ng aIOClu1es 
to the site. 

Ca.ent 13a-30 

The coo1inl pond altenaattv. (pal'aaraphs 6.40 thrckaa.h 6.42 of 
the DIS ia routinely .utiOlled aDd disussad without all' asplllutton 
of why this alternative·is not feaai'l •• A more detat1ed discussion 
of this and other a1ternatifts should be included. 

B.e a pons e 

A coolillgpond at the Bowline Point generating sCation is con
sidered impractical because of the inordinate land requirements, 
estimated to by 750 acres (paragraph 6.40 of the DIS). :'Tb1. require
ment could be reduced by a fac·tor of approxi .. te1y 2Q. by the intro
duction of spra, aJdulaaeo ,that: the ext.ting 1OW11n • .FO~ eou1d, in 
principle, ser.. .. a ClOHct-d,cle· cool1ngaysteil (,erasraph 6.42). 
However. the several factors discussed in paragrapha 6.41 and 6.42 
of the DES must be considered in greater detail before a final judge
ment can be made as to the practicality or advisability of installing 
spray modules in the Bowline Point. 
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As indicated in response to a previous comment, all of the alter
natives discussed in the DES are considered on the basis of available 
information and in detail deeaed sufficient in relation to the Di~
trict's responsibilities under the National Environmental Policy Act. 

Ca..eut l3a-3l 

The proposed"rescheduling of plant operation, discussed in para
graphs 6.48 through 6.57 of the DES, seems to be a legitimate pro
posal, regardless of the ultimate decision (regarding the need for a 
closed-cycle cooling system). The plant could be scheduled, in syn
chrony with others, so that entrainment and impingement losses are 
diminished during the construction of cooling tower, cooling pond, or 
other structural modifications which .. y be mandated. This concept 
has value and should be pursued during the interim period of con
struction. However, this alternative is ,presented superficially and 
without an asses .. ent of its iapact on feasibility. 

Response 

Various restrictions that might be imposed on the operation of 
the Bowline Point generating station are discussed in broad terms 
in paragraphs 6.48 through 6.57 of the DES. For reasons mentioned 
throughout this section, it is impossible without further analysis 
and information to deteraine the potential effectiveness of these 
restrictions with respect to the aquatic ecosystem of the Hudson 
River. As indicated in the DES, a modified schedule of operation of 
the Bowline Point station, possibly as part of a comprehensive man
agement program within the New York Power Pool (paragraphs 6.61 and 
6.62 of the DES) or in combination with other protective measures, 
may be an alternative to closed-cycle cooling that is deemed accept
able by the U.S. Environmental Protection Agency. If this is not the 
case, restrictions on the operation of the power plant may prove to 
be sufficiently attractive to warrant the imposition of such restric
tions while a closed-cycle cooling system is under construction, or 
indeed, in operation. Careful consideration will be given by the 
District to the possibility of improving conditions related to the 
operation of the power plant at the time an application is made by 
Orange and Rockland to secure the permits necessary to construct a 
closed-cycle cooling system a~ the Bowline Point station. 

Comment l3a-32 

A variety of modifications to the intake structure are mentioned 
but not analyzed in paragraphs 6.58 through 6.60 of the DES. It is 
difficult to review these proposals without a description of the 
possible effects in minimizing losses or the feasibility of construc
tion. 
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Response 

An expanded section Oil, pos8ible 11IpYovements to the power plant 
intake structure i. provided in the PBS. Included in this discussion 
are several lIOdifications that are considered to be technically fea
sible and projections that can soundly be made regardi11g their poten
tial effectiveness. As stated in the DES, the District regards these 
modifications 'as alternatives to closed cycl~cooling, anyone of 
which may prove to be acceptable to the U.S. Environmental Protection 
Alency. 

Comaent 13a-33 

The above proposals in Bect'ion 6 aay be valuable and realistic 
altemativ.to once-through CCJbcliria or coolilll towers. Yet, no 
in-depth analysis appean in the II!!S. 'lbe ultimate decision for 
the cool1q systea at BovlinePbint IlUst consider these alternatives. 
The incorporation of these methods may preclude the necessity of a 
cooling tower; thus, iapingement and entrainment losses will be re
duced without introduciq folair damage frO. salt drift, increasing 
icing and fogging, noi .. pollutiOn, aesthetic degtedation, and addi
tion consumptive water use which are coincident with cooling towers. 

Response 

Responses to Previous comments elucidate the context in which 
the District has analyzed the possible alternatives to closed-cycle 
cooling. 

C01IIIlent 13a-34 

In a letter referred to on page B-5 of Ap~ndix 8-1, the Army 
Corps of Engineers rec:oaaended that Bowline Point Generating Station 
"be placed on a last-on, first-off method of operation toainimize 
the use of the plant during spawaing seasons of striped bass." 'lbe 
authors should repeat this recommendation in its section on alterna
tives to cooling towers, instead of burying it in an appendix. 

Response 

The "last-on-first-off" mode of operation is described in para
graph 6.55 of the DES and considered together with other operation.al 
restrictions in paragraphs 6.48 through 6.57 of the DES. 

Comment 13a-35 

The comparison of capability losses and costs of two different 
cooling towers done by the utility is found in an appendix. Such a 
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discussion should appear in Section 6, the section which deals with 
alternative actions, with a comment from the authors in regard to the 
realiability o( such figures. This valuable information should not 
appear only as a reference in an appendix. 

I.esponse 

An analysis of the monetary costs associated with a natural 
draft evaporative cooling system for the Bowline Point station is 
given in paragraphs 6.29 through 6.32 of tire DES. Under present 
conditions of high energy costs, differences in the overall econom
ics of natural and aechanical draft systeas are expected to be mar
ginal or slightly in favor of the natural draft systems. Differences 
in the loss of capability are small and result from an optimization 
in balancing capital costs against operation and maintenance costs. 

STATE OF NEW YORK, METROPOLITAN Tl.ANSPatTATION AUTHORITY 

Comment 15-1 

The Draft EnviroDMntal Statement appears to support the use 
of cooling towers as part of the condensor system. We would like to 
point out that there is considerable controversy about the overall 
effectiveness of such to~rs in reducing environmental impacts. In 
addition, there is no doubt that the energy efficiency of the power 
plant will be reduced by the use of the towers. 

Response 

The impact of salt drift from cooling towers at Bowline and 
Roseton is discussed in the FES beginning at pa~agraph 4.85 • The 
effect of cooling towers on power plant efficiency is discussed be
ginning at paragraph 6.18 

CENTRAL HUDSON GAS AND ELECTRIC CORPORATION 

Comment Letter 16 

In this letter it is stated that: " 

• the Corps cannot alter the pel'lllit as presently in 
effect. 

• the Draft Environmental Impact Statement exceeds the terms of 
the Consent Decree as it relates to the Roseton Generating 
Station. 
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Response 

To the extent that the comments question the Corps I respon
sibility to prepare the EIS, the Final Order issued by the court 
mandates that the Final EIS be filed by a date certain. During the 
course of the litigation, arguments were made that the Corps should 
not be required to complete the EIS in view of the pendency of the 
EPA adjudicatory hearings. Notwithstanding, the Corp. was ordered to 
proceed with and complete the filing of the Pinal EIS. To the extent 
that the comments suggest limiting the scope of the EIS, they are 
clearly inappropriate to current regulation and policy, which require 
the EIS to iD4lude a sufficiently broad discussion of connected 
actions, cumulati~e actions and similar actions. The discussion of 
alternatives should address the no-action alternative, other reason
able courses of actions and mitigation measures as well as impacts 
that may be direct, indirect or cumulative. 

CONSOLIDATED EDISON COMPANY OF NEW YORK, INC. 

Comment 17-1 

In the Draft Environmental Statement (DES) for Bowline, the 
Corps has considered four alternative actions, but has not yet 
selected one of them. We urge that the first contention of the 
present permit, be adopted. Selection of this option would 
essentially preserve two of the other options as well, since it 
recognizes that a final determination with respect to cooling 
systems, plant intakes, and operations of the Hudson River power 
plants will result from the current proceedings pursuant to the 
Federal Water Pollution Control Act (FWPCA). 

Response 

This comment relates to the ultimate action which may be taken 
by the Corps with respect'to modification of the existing permit, 
and not to the preparation of the EIS. As such, the comment is 
noted. 

Comment 17-2 

Clearly, the Corps should avoid duplication of effort and leave 
to the agency authorized by the FWPCA the task of setting limitations 
applicable to the cooling water systems of the power plants in ques
tion. That agency will have'the opportunity to consider and evaluate 
the volumninous record of ecological studies and analyses being pro
duced in this case, and reach a reasoned decision on what remedial 
action, if any, need be taken. In adopting final determinations 
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since proceedings pursuant to FWPCA are already underway, with testi
mony having been submitt~d by the utilities in July 1977, and hear
ings scheduled to start on December 6, 1977. Indeed we believe ~hat 
Section 101(f) of FWPCA, if it means anything at all, means that the 
Corps should defer to the FWPCA proceedings in the circumstances of 
the Hudson River power plants. 

Response 

The Corps is preparing the EIS pursuant to a court approved 
schedule. The Icourt, in approving the deadline, was aware of the on
going EPA hearings on closed cycle cooling which were in progress or 
completion of those hearings. The recommendation contained in this 
comment, therefore, is in conflict with the Final Order, which 
imposes on the Corps a time .limit with respect to filing the Final 
EIS. It should be noted that these hearings commended in 1977 and, 
at this point, are open-ended. It further should be noted that the 
EIS has included in its discussion of the alternative of closed cycle 
cooling all information developed to date from the ongoing EPA 
administrative hearings dealing with this $ubject. 

Comment 17-3 

We believe the Corps should defer to the FWPCA proceeding for 
the ultimate determination of the cooling system for Bowline. How
ever, if the Corps intends to act on its own pursuant to NEPA, this 
DES is.an inadequate basis for such action. No analysis of the re
lative costs and benefits of alternative actions, including various 
mitigating measures is presented. The Corps has not presented such 
an analysis, nor has it ~vern summarized the factors that must be 
weighed in this case or attempted a qualitative balancing. 

Response 

The Corps is required to utilize a systematic interdisci
plinary approach which will ensure the integrated use of the natural 
and social sciences in planning and decision making. To this end the 
EIS has included a detailed discussion of the following: 

1. The environmental impact of the proposed action. 

2. Any adverse environmental effects which cannot 
be avoided should the proposal be implemented. 

3. Alternatives to the proposed action. 
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4. The relatiouhip betwee,n .,hort ten. uses of man's en
vironment and the maintenance and enhancement of long term 
productivity. 

5. Any irreversible and irretrievable commitments of resources 
which would be involved in the proposed action should it be 
implemented. 

ORANGE AND ROCKLAND UTILITIES, INC. 

Comment Letter 18 

In this letter, the jurisdiction of Corps of Engineers to compel 
changes in operating conditions of any existing power plants on the 
Hudson River is questioned and that the alternatives available to the 
Corps is limited. 

Response 
. 

To the extent that the comments question the Corps' responsi
bility to prepare the EIS, the Final Order issued by the court 
mandates that the Final EIS be filed by a date certain. During the 
course of the litigation, arguments were made that the Corps should 
not be required to complete the EIS in view of the pendency of the 
EPA adjudicatory hearings. Notwithstanding, the Corps was ordered to 
proceed with and complete the filing of the Final EIS. To the extent 
that the comments suggest limiting the scope of the EIS, they are 
clearly inapposite current regulations and policy, which require the 
EIS to include "a sufficiently broad discussion of connected actions, 
cumulative actions and similar actions. ~The discussion of alter
natives should address the no-action alternative other reasonable 
courses of actions and mitigation measures, as well as impacts that 
may be direct, indirect, or cumulative. 

COMBINED TECHNICAL, COMKBNTS BY: CENTRAL IWDSON GAS AND ELECTRIC 
CORPORATION. CONSOLIDATED EDISON COMPANY OF NEW YORK. INC.. ORANGE 
AND ROCKLAND UTILITIES. INC.. AND THE POWER AUTHORITY OF THE STATE 
OF NEW YORK 

Comment 19-1 

Paragraph 1.07 of the DES does not indicate that the Calspan 
Corporation prepared a Draft Environmental Impact Statement which was 
submitted to the Council on Environmental Quality on August 23. 1974. 
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Response 

A footnote to Paragraph 1.07 of the DES has been revised to show 
that a draft environmental statement relating to the Bowline Point 
Station was prepared and submitted to the Council on Environmental 
Quality on 23 August 1974. 

Comment 19-2 

A clear photograph showing the Bowline Plant and its relation
ship to its surroundings should be used in place of Figure 1-1. 

Response 

Figure 1-1 of the DES has been upgraded to show a clearer photo
graph of the Bowline Point Generating Station. An artist's impres
sion providing an indication of the visual dominance of natural draft 
cooling towers at the Bowline Point Station is shown in Figure 4-14 
of the DES. . 

COIIIDent 19-3 

It is noted that conditions relating to closed-cycle cooling at 
Bowline are being contested in an EPA adjudicatory hearing. 

Response 

A note to this effect has been added to paragraph 1.61. 

COIIIIlent 19-4 

Paragraph 1.61 improperly assumes that Section 326(b) of the 
Federal Water Pollution Control Act automatically requires closed
cycle cooling. 

Response 

Paragraph 1.61 has been revised to clarify the relationship 
between the requirement to backfit closed cycle cooling at certain 
older plants on the Hudson River and the provisions of Section 316(a) 
and (b) of the Federal Water Pollution Control Act Amendment of 1972. 
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Comment 19-5 

Referring to Table 1-4, NRC licenses now call for cessation of 
once-through cooling operation by Kay 1, 1982 for Indian Point Unit 
2 and September 15, 1982 for Indian Point Unit 3. Footnote 2 erro
neously states the utility's present share of the Roseton Plant's 
capabili ty. 

Response 

The information contained in Table 1-4 of the DES is taken 
principally from the New York Power Pool's annual report published 
in 1976 (New York Power Pool, 1976). Later editions of the report 
indicate that certain specific details no longer apply. Table 1-4 
has been updated on the basis of information given in the Power 
Pool's report published in 1979 (New York Power Pool, 1979). 

Coament 19-6 

The discussion in Chapter 1 of the DES on other major projects 
on the lower Hudson River should examine more recent reports provid
ing details of the overall planning in the area. 

Response 

Much of the information underlying the positions of the DES 
dealing with the characteristics of power plants on the Hudson River 
is taken from the New York Power Pool's annual report published in 
1976 (new York Power Pool, 1976), the latest edition of the report 
available during the preparation of the DES. Changes in the long 
range plans of the member electric systems of ~he Power Pool have 
been made and reported in subsequent editions of the report. Where 
these changes bear on matters addressed specifically in comments on 
the DES or could materially affect the analysis contained on the 
DES, updated information is provided in FES. Among the sources of 
this information is the Power Pool's report published in 1979 (New 
York Power Pool, 1979), the latest edition presently available. 

Comment 19-7 

A number of corrections were provided by the Commenter con
cerning the capacity and other characteristics of present or planned 
power plants. 
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Response 

The suggested aaendments have been made wherever appropriate. 

Comment 19-8 

The Hudson River is a partially-mixed estuar~ rather than the 
well-mixed estuary referred to in Paragraph 2.29 of the DES. 

Response 

Appropriate changes have been made in the text of the DES. 

Comment 19-9 

In paragraph 2.31, a definition of "normal" lower Hudson River 
freshwater flow should be provided. 

Response 

Appropriate amendments have been made in the text of the DES. 

Coument 19-10 

The utilities disagree with the statement in Paragraph 2.38 of 
the DES that the artificial thermal load imposed on the Hudson River 
raises the temperature of the receiving waters appreciably. The 
increase is not biologically significant relative to natural temper
ature fluctuations. 

Response 

Appropriate amendments have been made to the text of the DES. 

Coument 19-11 

The predominant animal list in the section in Chapter 2 on 
Upland Ecosystems in the DES should include the ruffed grouse, red 
fox, and gray fox. The quail should probably be eliminated from the 
group. 
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Response 

The text beginning at paragraph 2.54 has been changed to reflect 
this comment. 

Comment 19-12 

Any species data collected ~ the R.Y.S. Department of Environ
mental Conservation in 1972 (see DES paragraph 2.57) should be pre
sented here since the composition of the marsh might have changed 
between 1951 and 1972. 

Response 

Comment noted. 

Comment 19-13 

Figure 2-13 of the DES, Simplified Aquatic Food Web near Bowline 
Point, is somewhat misleading in that detritus also contributes to 
the base of the food web, along with primary producers. 

Response 

Modifications have been made to Figure 2-13 to show energy flow 
from detritus to the food web through bacteria. 

Comment 19-14 

Contrary to the statement made in DES paragraph 2.63, zoo
plankton concentrations were found to be highest in the Kingston 
area, not in the low to mid-salinity portions of the estuary. 

Response 

Paragraph 2. 650f the PES has been chanaged to include this 
information. 

Comment 19-15 

As stated in Paragraph 2.64 of the DES, copepods are certainly 
a dominant zooplankton species in the Hudson River estuary. However, 
unless copepod nauplii are included in this statement, other forms 
such as rotifers may predominate. (Orange and Rockland, 1977; Section 
7.1.3.1. 1). 
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Response 
I 

Under the assumption that to "predominate" is defined as domi
nance of numbers, then it is true that the recent study by Orange 
and Rockland (1977) shows that rotifers may at times predominate 
over copepods (exclusive of copepod nauplii). The text of Paragraph 
2.64 in the FES has been changed accordingly. 

Comment 19-16 

Pertaining to Paragraph 2.66 of the DES, vertical migration pat
terns have been clearly demonstrated in "macrozooplankton forms in the 
Hudson River, but this statement is questionable for most microzoo
plankton. 

Response 

The text of paragraph 2.66 of the FES has been revised to 
reflect this comment. 

Comment 19-17 

Pertaining to Paragraph 2.69 of the DES, evaluation of data 
subsequent to earlier reports has shown that the benthic community 
structure in the Bowline vicinity is not stable, but rather subject 
to yearly as well as seasonal variation. (Orange and Rockland, 1977; 
Section 8.1.3.3.1.1, p. 8.1.-102). 

Oftentimes, the 60minant organism is Amnicola rather than 
annelid worms. (Orange and Rockland, 1977a; Se~tion 8.1.3.3.1.1, 
p. 8. 1-118) • 

Response 

The text of Paragraph 2.93 of the FES has been revised to 
reflect this comment. 

Comment 19-18 

The statement made in Paragraph 2.69 and 2.70 of the DES that 
the amphipod G .... rus is the dominant fish food in the Hudson River 
estuary is not necessarily true. Food preference or consumption 
depends on species, size, and season as demonstrated in Orange and 
Rockland, 1977; p. 10.1-125 for white perch, p. 10.1-157 for striped 
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bass and p. 10.1-202 for Atlantic tomcod. Copepods and dipterans 
dominate the stomach contents during certain ~easons. 

Response 

The text of Paragraph 2.72 of the FES hal been reviled to 
reflect this comment. 

Comment 19-19 

The bay anchovy spawns not only in mid-salinity regions of the 
Hudson, but also in saline waters along the Atlantic coast (Paralraph 
2.74 of the DES). 

Response 

The text of paragraph 2. 74 of the FEIS has been revised to 
reflect this comment. 

Comment 19-20 

The evidence is that the larvae of fish are not simply carried 
downstream after hatching as suggested in paragraph 2.75 of the DES. 
The true phenomenon is much more complex than simple transport by 
currents. 

Response 

The text of Paragraph 2.75 of the FES has been revised to 
reflect this comment. 

Comment 19-21 

Striped bass have been omitted from the discussion of the lower 
I Hudson River fishery in Paragraph 2.77 of the DES. 

Response 

Striped bass have been added to the discussion of the lower 
river fishery in Paragraph 2. 77 of the FES. 
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Coament 19-22 

The stateaent: "Sport fishing is also an important use of the 
Hudson River's fishery resource," in Paragraph 2.79 of the DES is 
unsupportable; the implication that the Hudson River is the major 
contributor to sport fishing in the North Atlantic and New England 
Regions is incorrect. Estimates of contribution of Hudson River 
striped bass to Long Island Sound and the mid-Atlantic fishery are 
provided in McFadden (1977) at Section 7.10.7. 

Response 

Paragraph 2. 79 has been modified in accordance with this com
ment. Although the Hudson River is not "the major contributor" to 
striped bass standing stock in the North Atlantic, the Hudson may 
provide spawning and nursery grounds for a substantial portion (up 
to 30 percent) of the fishery. Data cited in McFadden (1977) also 
shows that Hudson River stock composes the majority of sub-legal 
size striped bass collected in the vicinit of western Long Island. 

Further s tudi es are requi red to de fi n a_d_e_·_a_t_e_--h-e-c-o-n-t-r-i-b-u-t-i-o-n---_~ V ~ IJ of Hudson River striped bass stock to e At c Coast population. = ~~ 

CoDlllent 19-23 

In reference to Paragraph 2.82 of the DES, the flowering dog
wood is a protected species of plant in New York State. It is 
illegal to disturb this species in its natural environment. As a 
result of operation of a natural draft cooling tower, the dogwoods 
may be damaged by salt drift. 

Response 

This comment is addressed in a revised section on cooling tower 
drift and salt deposition beginning at Paragraph 4.85 of the FES. 

C01IIDent 19-24 

Table 2-10 of the DES (Endangered, Extirpated, and Extinct Wild
life of New York State) should be confined to species which have been 
found or are likely to use the Hudson Valley. As it is, it gives the 
impression that many species could possibly be affected by develop
ment along the Hudson. 
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Itesponse 

Paragraph 2.80 of the PES, Endangered or Threatened Species, 
states that of the ani .. ls legally considered threatened or endan
gered in the State of Mew York, the Atlantic sturgeon and shortnose 
sturgeon are MOst likely to be affected by the power plant. 

COIIIIlent 19-25 

A more detailed discussion of the aquatic ecosystems in the 
Bowline and ltoseton vicinities than presented in Paragraphs 2.86 
to 2.109 of the DES may be found in Orange and ltockland (1977a) 
and Central Hudson (1971a) Section 6.1, 7.1, 8.1, 9 •. 1, and 10.1. 

Itesponse 

The description of aquatic ecosystems given in Chapter 2 has 
been modified and expanded as appropriate. 

Co_ent 19-26 

In addition to the effects of salinity changes mentioned in 
Paragraph 2.90 of the DES, seasonal succession of microzooplankton 
species is also linked to temperature and possibly to nutrients. 
Even if salinity were held constant, a seasonal pattern of species 
would occur. 

Itesponse 

'!be text of Paragraph 2. 90 of the FES has, been revised to 
reflect this comment. 

COIIIIlent 19-27 

The definition of a "major consWller" of Hudson Itiver water in 
Paragraph 3.21 of the DES should be clarified. Simply heating water 
does not consume it. 

Itesponse 

As discussed in paragraph 4.23 of the DES, the rejection of 
waste heat from a power plant operating with open-cycle cooling 
promotes evaporation at a rate greater than would naturally prevail 
and effectively constitutes a consumptive use of water. In the case 
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of the existing powe·r plants on the Hudson River Estuary, this con
sumption is estimated to be of the order of 70 cubic feet per second, 
or 50 II1llion gallons per day, on the basis of a rule of thumb pro
vided by the U.S. Environmental Protection Agency (paragraph 4.24). 
An aggregate consumption of such magnitude is sufficient to support 
the statement that the power plants are major users of water. 

CODIIlent 19-28 

Contrary to Paragraph 4.03 of the DES, it is unlikely that the 
Bowline Plant affects the flow regime of the estuary. All data 
indicate that its influence is not felt even over one-quarter of the 
river width. 

Response 

Paragraph 4.03 of the DES is an introductory statement listing 
the potential effects that the continued operation of the Bowline 
Point Generating Station might exert on the physical resources of 
the Hudson River Estuary. Each of these potential effects is treated 
as a cause of concern and is examined in subsequent portions of the 
DES. With respect to alteration in the flow regime of the estuaryg 
the statement is made in Paragraph 4.26 of the DES that the effects 
associated with the rejection of waste heat from all of the existing 
power plants on the Hudson River are considered to be negligible. 

~ 

COIIIIIlent 19-29 

Not all proposed plants were included in the thermal model, nor 
should they be. (See comments on paragraph 4.1~, below.) 

Response 

'!be cCllJllent includes the required response. 

COlllllent 19-30 

The near-field analyses have included recirculation considera
tions. (See McFadden, 1977, at Section 8.3.3 and Orange and 
Rockland, 1977a, at Section 3.1.3.3.3.) 

Response 

Thermal impact of 
Hudson River cannot be 

the multiple-power-plant-operation on the 
baSed~n a near-field analysis which includes 
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only a simplistic oDDulation of the recirculation effect. Consider
ing the t ominated flow conditions in the estuary, and the prox
imity of ttie locations of the major power plants, the thermal impact 
of the multiple-power-plants oper4tion on the receiving waterbody of 
the estuary depends on (1) reentrainment, (2) recirculation, and 
(3) thermal int • ng the different power plants. Detailed 

"' .... ....-ntr these impor ant effects are presented . of 
c. 3.5.1) ~n also in Appendix E of the IS Sect. 2.1). 

sim correct fODDulation of the re 
recirculat10n effects~ under reversing flow cqndit10ns, 1S presented 
rn Assessment of Technique, for hydrothermal prediction, by G. H. 
Jirka, G. Abraham and D. R. F. Harlemann (Sec. 8.3), Report No. 203, 
Ralph M. Parsons Laboratory for Water Resources and Hydrodynamics, 
MIT, July 1975. 

C01lDDent 19-31 

The statement is made that natural conditions cannot be ascer
tained from field measurements. A good estimate of natural condi
tions can be made from measurements. The important question is how 
precise need the estimate be for impact assessment. 

Response 

The statement in Appendix E of the DEIS, "The situation in the 
Hudson River is such that the zones of thermal influence of the 
existing power plants overlap, making it impossible to ascertain 
through measurements alone the degree to which natural conditions are 
altered by each individual plant," is correct. The statement of the 
comment "a good estimate of natural conditions can be made from 
measurements" is wrong as long as power plants continue to operate 
during the measurements. The natural thermal conditions (ambient 
conditions), consistent with the statement of the state thermal 
standards as "before the addition of heat of artificial origin, II can 
be determined based on field-measured water temperature data only if 
all the plants are shut down for a sufficiently long time period 
(more than a month). The statement of the comment "the important 
questions is how precise need the estimate be for impact assessment" 
rs-lmmaterial and indicates a lack of understandin of the h drother-
ma henomena which control the t t i le- ower-
p ant-operation on t e u son River. 

Coament 19-32 

Statistical analysis of the theDDaI field study results used to 
obtain the 2 to 6 dilution indicate that the frequency of occurrence 
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of acess surface t_per.tures of 7.5 is less than 1 percent aDel tbat 
50 percent of the tille. the· ux1aua acess surface t_per.ture of the 
t1ae. the aaxta .. ncess surface t_perature is about 4·F. Further, 
altbou&h dilution ratios of 6 to 9 were computed by the OINL Hodel 
(Table 3.3.1. Appendix E), these values were not used here to assess 
the ther.al effects • 

.. spoue 

The results obtained in Sect. 3.3.1, Appendix E are strictly for 
the • ... r-Field Aaalys1a of Therul D1acbar,es" as iadicated in the 
title of the section. The r .. ults based on the dilution ratios 2 - 6 
CanDOt be utili... alone to deten1De the thanal iapact of power 
plant operatioll8 OIl the BudllOn ll1ver. since theae .odels do not 
include any of the controll1aa hydrothenal pheaoaeua in the estuary. 
cOll8istiaa of (1) the reeutrain.ent of the heated water at the 
diacbarae(s) of • power plant, (2) the recirculation of the heated 
_ter frca the diac:harae(s) to the intab(s) of a power plant. 
(3) the reentrai_nt of the heated _ter frOil the diacharge(s) of a 
power plant at tbe dlacha'l',e(s) another pcMI8r plant. and (4) the 
recirculation of the be.ted _ter fro. the diacharge(s) of a power 
plaut to the intab(s) of another power plaut. 'lbe iIIlportance of all 
these effects which depend on the tidal flow conditions in the estu
ary, .nd the COll8equeaces of their exclusion in the near-field analy
sis of the discbaraes are clearly discussed on p. 3 - 18, Sec. 3.3.1. 
in Appendix E. It is further indicated tbat the realistic analysis 
of the themal 1apac~ of power p~ant operatioll8 requires a far-field 
analysis which can iDC'liii'1i8 the critically iapofta'llt reentraiaaent and 
recirculation effects of ta.· hat. _ter fro. the aultiple Power 
plauts OIl the 8Uc1801l U .. r. Blmce, the analysis of the themel 
iapact in the DlIS doe. !lOt ufUue c11rectly the results of the near
field analysi. based OIl the dUution ratios 2 - 6 which cannot incor
porate the iaportant effects of reentraiaaent aDd recirculation of 
the heated water. 

eo.aent 19-33 

Althouah a detailed evaluation of the thenal models used in the 
DEIS baa not been conducted. the DEIS fails to address itself to the 
sell8itivity of the aodels. the accuracy and liaits of confidence 
associated with the results and the degree of prototype representa
tiveness. 

An overall r .. iev of the aodel and field study results preH1lted 
in Appendix E indicates that the .odel ('lHP'l'WO) overestimates the 
theDlal iapact in the vicinity of Bowline (2- to 3-P higher) and that 
in ,eneral. the aareaent between the field observations and lIOdel 
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ruu1ta II very poor, coulderi. that 1· to 2-' can uke a larle 
difference in Whether th.r. ia a violation of criteria. 

)leapona. 

1. The far-field _thnatica! 1IOdel and ita aleociated BSTOIII 
computer cod. vere applied to predict .1aultaaeoully 
(a) hydrodya_ic, (b) theraal, and (c) laUnity coaclltioDl 
in the Budlon liver for two 6 - .onth periodl 1 April -
30 Sept .. ber1913,.a'" 1974, without 'chaeatD& any coefficient 
a./or par_tlr til- t'he .... '1. SeMttl.s.ty Itadi.1 .re 
neeaell' oaly if eoeffiet.atl .. .a'or perlMter. of a .,d.l 
n ... · to be calihrated. ft. t1cle1-tr .... i .. 't~ oae-4iMDIioul 
diecr.te-el_nt far-field ._1 i •• cOllpt.t.ly predictive 
.odel which 40 .. not requr ... y _.101' .. lIIitivity atucly. 

"Th. ':dar8C1 alld l1a1ta of coafid.ac. aaeoeiated with the 
r ... 1ta aDd ther·dear .. ' of prototype' r.pr ... nhtiftDe.... ia 
.. If-evicf.nt 'ba .... em the co.peri80D8 01 ita reeu1ta with 
the fie1d __ aaur" ate for the tw. 6 - .eth periods 
1 April - 30 Septeaber 1973 aDd 1974. 

2. '!'be .... ft1 CO'afrontatton between the reaulta of the aathe
_tiea1 .odell', iilc1udlaa 'J.'IIP'ivo, aacl the field __ asure4 
data for the watar taperature cO'Dlltrto.. ill the Hudson 
River, iaclu4iq the .ic1at'ty of Bow11 •• Poiat ,. la, lal'lely 

due to .2~=tie~ !",jeetll":;;- t=1"'9 ~ "Il. oc=-u...= , a~. (2) it; uarit8tla1Jil1t1:Oi ,the ..,ta reduc-
~oa .. thod. tIMId for 0 . .. 1: . and a -

Co .... nt 19-34 

"Iii eJ 0 t 011 .. preaentad i. 
Detaed tRURO. oft_ field" 

included in Sect. 2.~ of the Appendix I of 

The far-field 1IOdel (ESTORE) u.ed in the DEIS has not been 
adequately calibrated or verified. 

I.eae·e 

"The far-field lI04el (ISTOB) used in the DEIS" does 40t require 
calibration. It definitely haa been validated for the Hud80n River .• 
(aee Sect. 2.3, Appendix I of PlIS). 
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ec-ent 19-35 

10 reference ia .. de here to the source of .. teorological data 
and the effects of various aeteorological paraaeters On the .adel 
results, i.e., if in-land meteorological data were used, What would 
be the effecta on river te~rature? Some sensitivity analyses of 
the Mteorological paraeters ought to be presented. 

Response 

The detailed discussiona of the input data to the ESTORB ca.pu
ter code for the Mteorological conditions are presented in Sec. 2.4 
in the RIS. . 

eo..ent 19-36 

In all prediction cases (3, 4, 5, 6, 7 and 8) considered here, 
"proposed I18xiaua themal load" was used. These represent unrealis
tic worst case conditions. The plants did'not, and will not, operate 
at 100 percent capacity for 100 percent of the time. It would be far 
better and more realistic to use the operating rates as given, for 
exe.,le, on Orange and Rockland, 1977a, Section 2.1.3.6. 

Case 3 is a very unlikely condition. Since the river takes 
several days to equilibrate, it is more appropriate to multiply 
maximum load by some plant factor. 

Cases 3, 4, 5 and 8 should be excised from the DEIS as irrele
vant to this study. 

Response 

Power-plant-operation conditions were modified in the supplemen
tary study for Appendix E of the FEIS. 

Coaaent 19-37 

The accuracy of the predi~ted temperature, two decimal places, 
is questionable, particularly in view of the predicted level of 
nonco.,liance with the numerical criteria of IOF (0.4 and 0.3°F for 
Bowline aDd loaeton!DanaklUlUller, respect ively). 

If the OIRL intends to use such accuracy and predict such fine 
point violations, the model must be bounded by confidence limits 
based on sena it ivi ty to input de ta and comparison to field de ta. 

9-51 



----- -~ ~-----------~~ --------~ ------

Reaponse 

The results of the predictioD8 ware pre .. nted accurate to two 
deciul,lac:e. baa" Oil the 'priut" cclllPurir oat put ~ ~dlKU8sions 
of the t1ie1'll81 tapact,acedi'd1:iIa' to tba cOD..fcterat~oU of t~ ~State 
'l'bermal StallcWrd.~ .. a 'dot' baiW on two decfltal p1aee 'aceu.rac1_. In 
the dised,.iti. of ftie tdt, althouah fhe witar t""r~tlir. ,r~te
tiona were india ted With two deci1lal place .~euracy, th •• tolations 

J of the State ther.al standards were discussed only based on appr~-
mately half a dearee accuracy. ' 

eo-ent 19-3S' 

It should be noted that exceeding the 83·' criterion over 50 
percent of the cross-sectional area of the river (Cases 3 and 4) 
assUlled plants operating at 100 percent capacity. 

lleaponae 

CoImIent noted. 

Coa.aent 19-39 

ExperiellCe to date indicates that the' plUM is a surface phe
nmena and thus it is unlikely that cross-section criteria will ever 
be exceeded. 

Response 

lbe stat_nt indicates a lack of understanding of the iaportant 
hydrothel'llal phenoaena which control the far-field thermal tapact of 
.ultiple-power-plant-operation on a tidal-dOll1nated estuary (see 
Sect. 23., Appendix lof the 'lIS). 

COlllllent 19-40 

As indicated in a letter to the Corps of Engineers of October 
13, 1977 ,tbe"near-field aDel and &ODe .. tching pottf~tt. of the ESTOD 
.,del aDd assodated dOC1al8iltatlonhav. not been .. de available to 
the utilities t couultauta. kcordlngly, it .a not po.albl. to 
eX8lline. in any detaU. the inputs to, operation of. anci' predictions 
made by these .odels. 
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I.espo!!! 

"The near-field zone-matchiac portions of the BSTOHB model and 
its associated docu.ntation" does not exist. BSTOn cOilputer code 
which is the 88sociated coaputer code of the tidal-transient, one
d1aensional, discrete-e1_nt far-field math_tical transport model 
was forwarded to the utilities. The remaining documents are being 
prepared as OIIL reports. 

C~nt 19-41 

It appears a dilution ratio of 2 was used in arriving at the 
occurrence of surface t.-peratures in excess of 91°P. Although such 
a low dilution was reported, its occurrence .. y be very rare. Also, 
it is not clear Whether the model includes thermal stratification. 

The BPA reca..endations are irrelevant to these considerations 
and reference to thea is misleading and should be deleted. 

Detailed triaxial theraa1 aeasurements in the vicinity of 
Bowline do not support the stateaent that certain state criteria 
would be exceeded occasionally. 

Pie1d observations do not support the OINL conclusion of the oc
currence of surface teaperaturea and up-river effects have to produce 
surface teaperatures in excess of 83.5 P at Bowline and simultane
ously have the .tniaa. recorded dilution of 2 in order to approach 
surface te8p8ratures in exce.s of 91 P at Bowline. Bxistiac aabient 
temperature _asur_nts and the OINL' s own far-field calculations do 
not support the occurrence of such high temperatures (83.5 P) at Bow
line, particularly considering that the di1utiop must simultaneously 
be low. 

Response 

1. The statement "It appears a dilution ratio of 2 was used in 
arriving at the occurrence of surface temperatures in excess 
of 91°p" is not correct. The tidal-transient, two
dt.enaiona1 model does not use siaplistic formulations based 
on any form of dilution ratio which automatically excludes 
the critically important reentrainment and recirculation 
effects in the estuary. The two-diaensional aode1 uses com
plete flow fields based on the near-field and far field 
zone-matched hydrodynaaic cOnditiODS. which include (a) the 
far-field freshwater flow and tidal flow conditions, and 
(b) the near-field intake and discharge flow condi tiODS. 
Bence, the effects of reentrainaent and recirculation are 
autoaatica11y included. 
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The .odel approximately includes thermal stratification. 

2. The IPA reca.aeDdations vere deleted. 

3. "Detailed triuialtheraal _asur_nts in the vicinity of 
Bowline" vere not available for the anal,.is. 

4. AppeDdix B of the DBIS did not state any "OIlL conclusion of 
the occurrence of surface temperatures aDd up-river effects 
at Bowline and sillUltaneously have the 1I1.nillua recorded 
dilution of 2 in order to approach .urface temperature. in 
exc .. s of 91·' at Bowline." The Ca..8nt indicate. a lack of 
uDder.taDdina of the reentralDlient and recirculation phe
nOMna that control the theNal :lJIpact in a tidal-doalnated 
estuary. 

Co.Ie1lt 19-42 

The conclusion that the surface width'aDd cross-sectional area 
83·' criteria Would be exceeded at Bowline appear. to be haaecl upon 
the results of the OIlfL 'l'MP'IWO _del. As indicated above, the _del 
does not produce realistic results even if ODe a •• u.e. that the iaput 
para_ters used are reasonable. lxi.tilll field data sbow that the 
affected aurface .idth and 'ero.a-aectioDa! area are boUaded by a 
temperature rise of 4·, or by 8'''' at Bowline. 'l'b." t_peratures 
are substantially below the N. Y. State theraal diMhar.e criteria. 
Even if the full-load t'-perature conditions assu.ed in the _del 
were to occur, the frequency aDd duration of violatioDa would be 
insignificant. 

I.e.ponse 

THPTWO .adel does produce realistic results. The statement of 
the cOllUlent is not founded. "Existing field data show that the 
effected surface width aod cross-sectional area are bounded by a te.
pe~ature rise of 4·P aDd 83·P at Bowline" wa. not available for the 
analysis. This data, even if it cIoes exist, cannot be ca.pared with 
model predictions unless there exists the necessary compatibility 
between the data and the hour .of lleasurementa and the IIOdel predic
tions. 

There are no data to support the third conclusion. In addition, 
the statement that excesses in ta.perature increase with decreasing 
freshwater flow is not true. In fact, just the opposite is true. 
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When fre8hwater flow8 are low, more cooler ocean watere will coae 
into the e8tuary and .., thereby decrea8e rather than increa8e tea
perature8. ORIL apparently hypothe8ized that teaperature8 will 
increase as a result of lower dilution due to decreased freshwater 
flow. 

Re8pon8e 

The state.ent of the cOlllllent "In addition, the statement that 
exceS8es in temperature increase with decreasing freshwater flow is 
not true. In fact, just the oppos ite is true," indicates a lack of 
under8tanding of the hydrothermal phenoDena that control the far
field ther.al impact of multiple-power plant-operation on the Hudson 
River. The state_nt of the comment "when freshwater flows are low, 
more cooler ocean water8 will come into the estuary and may thereby 
decrease rather than increase temperatures" can only be true for 
natural conditions without any power plant operating on the estuary. 
The comment indicates a seneral misunder8tanding of the controlling 
hydrodyn8Bic phenomena in the estuary. Freshwater flow is associated 
with the tidal-averaged convective transport which is the primary 
ther.al traDSport phenomenon that controls the excess taaperature 
conditions caused by the thermal discharges. '~ore cooler waters 
will cc:.e into the estuary" by the seneral mixing transport, which 
include8 turbulent diffusion and dispersion, which is the secondary 
ther.al transport phenODenon that affects the excess temperature 
conditions caused by the thermal discharges. Hence, the comment is 
false. 

Furthermore, ~ased on the definition of the ambient water tem
perature conditions, according to the State thermal standards, as 
"before the addition of heat of artificial origin," cooling of the 
water temperature conditions in the estuary by the cooler ocean water 
entering the estuary, from the ocean end, with multiple-power-plant
operation conditions, is identically the same cooling effect, without 
the operation of the power plants as represented by the "clean river" 
conditions. Hence, the relative excess temperature conditions caused 
by multiple-power-plant operation on the Hudson River cannot be 
reduced by the cooler water entering the estuary under lower fresh
water flow conditions. Bence the ca.aent is also meaningless from 
excess water temperature considerations. 

Coaaent 19-44 

General Ca.aents on ORRL Thermal Model 

The findiDls presented in the DEIS pages 4-6 throuih 4-9 indi
catina the 83°F regulatory criterion would be exceeded under certain 
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coaditio .. (.aziaum ~r~s .ec~~oual are. avefaae t .. perature. of 
83.80.83.87 aDd 83.42°, are pre4ict~.at I1l4ia1l Poiut) are que.
tionable due to the followina fl ... ia tbe OIlL ther.al aaaly ... : 

The model verification is inadequate. 

The CClRpad80Da of the model predictione with the field data 
presented on pages 3-115 through 3.-117 of Appeadix B are generally 
iDadequatewith .. xi ... differeacee raDiina up to approxiut.ly 
3.5°,. Diff,r,nces for tbe 1974 verificat,ion period are liven below: 

HonSh 

April 
Hay 
Jun. 
July 
_lUst 
Auau·t 
Sept'-.r 

Days ~howiq 
Conai~erabl~ 
Dj,ecrepancy 

9-23 
1-30 
1-18. 27-30 
1-5, 14-20 
1-14 
14-19 
10-20 

Diec:repancy 
(Averase Band-'ield 

Data bye ( F) 

2.5 - 3.5 
1.5 - 3.0 
2.0 - 3.5 
1.5 - 2.5 
3.0 - 3.2 
2.0 - 3.0 
2.5 - 3.0 

Di.cr.pancie.ofth •• , .... itude. between model predictions and 
field data are unacceptable -~~ .. an analy.is _ieb purport. to predict 
exc ..... of less than 1°'. Mod.l predictions baaed on the ORRL veri
fication are meanlnale.s. partiCUlarly for critical periods when 
.. bient temperature. are within 3 or 4 dearees of the regulatory cri
tedon. YOI' GUlple ... jor di.crapaneies are noted for the critical 
period July 21 throup _p.t 14. The fact that the lIIOdel overe.ti
mates the field data bJ more than 3°' indicate that the actual cros.
sectional area avera .. te~ratures for the ca.e. presented are 
probably nearer 80·' than 83·,. . 

An additional .ource of error in the verification may be in the 
conversion of the field data to cros.-sectional av,rages. The field 
data were collected n~ar the IDdian Point intake and di.charle and at 
other selected points. - Compariaon with .,clel predicted "cro.s-
sect ional averaae t8lPeratur .. " required that OIlL convert the field . 
data. While conaiderable fiel~ data exist, it doe. not .eem possible 
for OBBL to develop daily cr08s-.ectional aversae field data for the 
entire period April throulh September 1974, without using some as yet 
uDknown .pirical conversion factor, which itself may be open to 
question. 

The model scenarios for which the 83°' criterion is predicted to 
beeltceed" are unreali.tic. 

Operation of all plants at .. xi1lUll capacity over the s ... period 
of tiae, including the period needed for the river to equilibrate to 
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such a steady-state condition, would be a rare occurrence when plant 
shutdowns, outages, maintenance and repair schedules and load cycling 
are considered. The _del should be run with these factors incorpo
rated for a realistic. projection of the temperature regiae in the 
river. 

Inapplicability of EPA "Rec01llDendation." 

The DEIS and Appendix E refer to Rew York State water quality 
standards for thermal discharges as set forth in Part 704 of the Rew 
York Codes, Rules and Regulations. The New York thermal standards, 
as approved·by EPA, however, do not include the EPA "rec<*lDendation" 
made in 1971 and 1973 (see references in DEIS, Appendix E, at p. 
3-4) which had suggested that the mixing zone be limited arbitrarily 
to a 1,000 foot distance from the discharge. 

Response 

1. The statement of the comment "the model verification is 
inadequate" is not correct. The confrontation between the 
model predictions and the field-measured data is the result 
of the unreliability of the data (see Sect. 2.3 in Appendix 
E of the PElS). The confrontation between two independent 
field-mea.ured-data sets is more pronounced than the con
frontation between the IIOdel predictions and any single 
field-measured data set (see Sect. 2.3 in Appendix E of the 
PElS) • 

2. The statement of the coament "An additional source of error 
in the verification may be in the conversion of field-data 
to cross-sectioned averages" is not correct. The field
measured data about the water temperature were not con
verted. Since the reduction of the field-measured data is 
always a part of the overall data acquisition program, no 
data reduction was att.pted. The statement of the comment 
"while considerable data exiets" is questionable, based on 
the considerations of the quality of the available data (see 
Sect. 2.3 in Appendix E of the FIlS). Furthermore, as 
stated above the responsibility of the reduction of the 
field-measured data, by "yet unknown empirical conversion 
factor" into a usefui f01'1l1 always belongs to the group that 
had acquired the data. 

3. Other power-plant-operation conditions for different fresh
water flow conditions in the Hudson River were considered 
in the Appendix E of the FIlS. 

4. EPA "Rec0lll1lendations" were deleted in the Appendix E of the 
PElS. 
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eo..at 19-45 

Additiollal. aplaDation ia needed for eM atat_nt ia Paraaraph 
4.25 coneemiDl brackiah or aaline water "Evaporation." 

l.eaponae 

Paraaraph 4.25 of the DES baa been _Ilded to clarify the atate
..at r ... rd1_ the e"pOration of bracki.h or .. line water. 

eo-ent ·19-46 

'Dle .tat .... t in Parqraph 4.27 that tile operatiOll of aeneratina 
atatioD8 on the Hudson U.er eatuary aa a potential cause of degrada
tion of the quality of the receivina watera baa not been de.onatrated 
by any evidenee, and ia in direct conflict with other atatementa in 
the DES. 

l.ea2OD!e 

Paragraph 4.27 of the DES ia an introductory .tat_nt acknow-
1edlias that beat aDd ·contro11ed aaounta of contaaill&nta are released 
ift the liquid eff1 .. nte fro. the Bowline Point Ceaeratiaa Station. 
M '1ICh, tbe a!f1_t. repre.ent a potential cause of dearadation in 
the quaUty ef _tera recei ... i. the diac:barp fl'aa the power plant. 
Stat_enta llade in aubaequent paragrapha indicate that .omtorina haa 
failed to reveal any meaaurab1e dearadationin the watera of the 
Hudaon I1ver attri~t.'le directly or indirectly to the operation of 
the Bowline Point atation. 

IeferenciQl the diacuaaion of the liqui4 effluenta fro. the 
clo.ed-cycle c601ilii ay.t_ .uacuaeed in Paragraph 4.41 of the DIS, 
it i_ notecl ttiat chloriuatioli for cooli_ tCMMra .y be continuoua. 
It can be a prebl.. under certain circ ... tanc.. .uch aa low chlorine 
daaand or hiahhydroaarbon prea.nce. 

Reapons. ? , 
A8 .entioned in paraaraph 6. of the DES. a cloaed cycle cool-

ina ayet_ at the Bowline Poin erati. Station would include de-
chlorinatioft aquipaent t a be b1owdowa, or liquid effluent, frOll 
the ayet... It .. y be ant c pated that W1tlaauch-.quiPMnt in place 
and a chloriDation achedu1e confor.ina to sound operatina practicea. 
the effluent he-. the _,at_ would .. et applicable regulatory ataa
darda related to the diacbarae of chlorine. 
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Concern is being focused increasingly on the presence of hydro
carbons in the nation's surface waters and the possibility of produc
ing toxic chlorinated compounds though the addition of chlorine in 
treating surface water for industrial and municipal uses. In accord
ance with the provisions of the Clean Water Act of 1977 (PL95-217), 
the U.S. Environmental Protection Agency is required to establish 
effluent standards reflecting the application of "best available 
technology" to control the release of a number of toxic substances 
including certain chlorinated hydrocarbons, from 21 categories of 
sources among Which is the category of steam-electric power plants. 
Further, the U.S. Enviroaaental Protection Agency has proposed regu
lations intended to control the release of toxic substances through 
the National Pollutant Discharge Elimina.tion System progrm and to 
establish monitoring requirements related to these substances (43 FR 
37078 et seq.) 

The presence of certain toxic substances has been confirmed in 
waste streaas of some coal fired power plants (U.S. Environmental 
Protection Agency, 1978). There is, however, little quantitative 
information on the source, transport and ultimate fate of these sub
stances in the environment. Accordingly, it is impossible to esti
mate the potential risk associated with the release of chlorinated 
hydrocarbons, heavy aetals or possibly other toxic substances from a 
closed cycle cooling systems at the Bowline Point Generating Station. 
It is expected that the effluents from such a system, if one is ulti
mately installed, would meet all applicable regulatory standards and 
conditons imposed through the National Pollutant Discharge Elimina
tion System permit. 

Comment 19-48 

Referencing Paragraph 4.48 of the DES, it is noted that detailed 
field dissolved oxygen measurements in the thermal plume have been 
performed. No demonstrable reduction in dissolved oxygen was noted. 

Response 

There is no apparent disagreement between the statements made in 
this comment and that made in paragraph 4.48 of the DES. The latter, 
however, has been reworded in 'the interest of clarity. 

C01IIIlent 19-49 

Referencing paragraph 4.49 of the DES, it was noted that since 
August 1, 1976 the sulfur content in fuel oil burned at Danskammer 
has been 1.0% by weight. Since tbe switch from 2.0% sulfur oil at 
the plant, compliance with the federal 24-hour standard for sulfur 
dioxide has been achieved. 
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Response 

A stateMnt to this effect has been added to paragraphs 4.49, 
4.51 and 4.70 of the DIS. 

The d18cu •• lon in Parairaph 4.56 of the DIS concerning a mea
surellent proaraa to oWterve the ~havlor of the plumes frOli the 
Bowline Point Station ataeke is 1I1slead1na. 

Responae 

Paragraph 4.56 of the DES has been aeDded aDd now states that 
evidence indicates that the pos.ibility of direct contact of the High 
Tor ridge by the pluae 1a couidered r8lk)te. 

C01lllDent 19-51 

The ambient air quality standard for nitrogen dioxide is an 
average of the 24 hour concentrations over a consecutive twelve month 
period. The averased _nth1yconeentration (Table 4-6) should not be 
directly cOllpare4 to tlita .abient Itancl&rd al shown in the DES. In 
reality, the annual averas_ value for the aame period oftille is 
0.030 ppm, not 0.049 ppa. 

Response 

Comment noted. 

COllllent 19-52 

Results of Orange and Rockland's analysis for environmental 
effects of cooling towers are presented in Orange and Rockland, 
1977bj Section 5.2. 

Response 

COIIIIent noted. 

C01lllDent 19-53 

Referencina Paragraph 4.70, it is noted that since the switch 
frOli 2.0% sulfur 011 at the DanaJtaa.r Plant, compliance with the 
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federal 24-hour sulfur oxide standard has been achieved at Wheeler 
Hill Road Station. 

Response 

A statement to this effect has been added to paragraph 4.70 of 
the DES. 

Comment 19-54 

The analysis of potential salt drift from cooling towers at 
Roseton in paragraphs 4.71 and 4.72 of the DES assumed cooling tower 
specifications which are 20 percent higher than Roseton tower speci
fications, therefore reevltill8 in _ller salt concentrations and 
fewer incidents of fog for.ationat grouDd level than would be 
expected with the tower. determined to be appropriate by Central 
Hudson if cooling tower8 are required for Roseton. 

Response 

The analY8is in -the FlS beginning at paragraph 4.102 includes 
the correct cooling tower parameters. 

Comment 19-55 

The analysis of potential salt drift from cooling towers at 
Roseton in paragrapbs 4.71 and 4.72 of the DES assumed average year 
salinity levels in the Hudson River makeup water which are not in
dicative of salinity during drought years. 

Response 

Salinities during drought years has been considered in the 
revised analysis in the FlS, beginning at paragraph 4.102 • 

Comment 19-56 

Contrary to the statement in Paragraph 4.75 of the DES, LMS 
has never developed models on adult striped bass entrainment. 

Response 

The text of Paragraph 4. 79 of tbe FlS has been revised to 
reflect this comment. 

9-61 



COIIIIent 19-57 

Contrary to the .tatement in Paraaraph 4.76 of the DES, the 
Power Authority of the State of Nev York ha. never puraued a tag
recapture program for vhite perch or .triped ba ••• 

Re.pon.e 

The text of Paragraph 4.80 of the PES has been revised to 
reflect thia comment. 

Coaunt 19-58 

The Corp. ca.IMnt on the "'lack of adequate syntheai." of .co
logical data i. not v.l1 founded. The JaDuary, 1977 (MePadden, 1977) 
report as veIl a. the t •• ti1lo1ly aDd exhibit. (Central Hudaon 1977a, 
1977bj Central Huct80D, et a1, 1977: Con Bdi80n and Pow.r Authority 
1977a, 1977bj EcolOlical Analy.t., 1977a, 1977b; McFadden, 1977; 
McPadden and Lavler, 1977: Orange and lockland, 1977a 1977b; Stone 
and Webster, 1975, 1976; TI, 1977) .ubaitted to EPA in July, 1977 
contain .uch .ynth.... of the material the utiliti •• believe to be 
of importance to the evaluation of .ffecta on the fishery. 

ORNL, a consultant to the Corp. for thi. DES and it. appendicea, 
proposed the .cope of work to be done (.ee Comment. on Appendix B, 
below). ORNL vaa propoaed aa a consultant by the plaintiff Hud.on 
River Fi.hermen'. Association. OIlL al.o act. a. consultaDt to EPA 
in the related EPA ca.e. (aee individual utility cOlUlent. on the 
DES). 

Re.pon.e 

The.e data have been incorporated into the PES. 

C01llll8nt 19-59 

The "Pir.t Annual Report for the Multiplant I_pact Study of 
the Hudson River Estuary," va., provided to the COE by letter dated 
Septe_ber 4, 1975. 

Re.pon.e 

The.e data have been incorporated into the PES. 

9-62 



COIaent 19-60 

It is inappropriate to divide yearly avereae deposition rates by 
12 to detel'lline potential for injury on a _nthly basis. Substantial 
deposition can occur in a few hours if the .eteoro101Y is right. The 
degree of salt depositon will vary ,between _nths (for exaap1e, see 
Oranse and Rockland, 1977b, Section 5). 

The DES analysis calculated average annual salt deposition 
concentrations which ... n .. ry little When estiaatiaa daaaae dODe to 
foliage. 

The use of short-tera salinity coacentratioaa prevalent durins 
the s~r _nth. of 4rOUlbt ,ears would yield higher deposition 
rates and would indicate the potential for daaage to foUage durins 
such periods. Such an aaAl,.is is includacl in Central BudaoD 1977b. 
Siadlar1y, with respect to Appendix I, Table 4.1.5 aad Paragraph 
4.3.4.2. the mnth1y Uver saUnity values shown are typical of 
non-drought years and, duriaa drought years, auch higher salinity 
values could occur. 

B.esponse 

The analysis of salt drift frca cool1na towers has been redone 
for the lEIS on a lIOnthly avereae basis (see Appendix I of the lEIS 
and the PElS beginnina at paragraph 4.102). 

C08I8nt 19-61 

Pertainins to DES paragraph 4.92, the amount of wetlaad to be 
eliminated at Greene County is detailed in both the Environmental 
Report (Power Authority, 1975a) and the application filed pursuant 
to Article VIII of the Public Service Law. (Pover Authority, 1975b). 

B.esponse 

Plana for the construction of the Greene County Power Plant have 
been cancelled by the Power Authority of the State of New York as of 
April 1979. Therefore, this reference to _tlaads loss at the Greene 
County site bas be_ deleted trOll the liS. 

Co ..... nt 19-62 

Pertaining to Paragraphs 4.94 through 4.119 in the DES, a more 
detailed and coaprehenaive discussion of expected iapacts of Bowline 
aay be found in Orange and lockland (1977a), McFadden and Lawler 
(1977), BcolOlica1 Analysts (1977b). 
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B.es2Oue 

In t. PBS (Par • .,118 4. U6). ttlediscu •• ion of Bowline Power 
Plant 1.Ilpacts has been rWfaect· to include new iUfot.atlon" frOll these 
references • 

CODllllent 19-63 

The differenees tn 8urriVal result. forlfeoll~s1s at Bowline 
Point and Indian Point referenced in DBS Paraii'iP 4.102 cannot 
be assumed to represent a d1sagre ... ntwlthout accounting for the 
possibility of dif fel"eltt tal net mortality aDil the caaparability of 
temperature ezPoaUl' •• dU11l1 entraimient of thi8 oraa'llis. at the 
two plants. A 1IOre detaUedd1ecuss10n of .e2i!818 survival .. y be 
found in Orange and lockland (1977a; Sect lou " .2 and 8.3). 

Response 

The discussion of zooplankton impacts'has been revised in the 
FES and reference to differential ReGaysis mortality between Bowline 
Point and Indian Point has been deleted. 

COJllllent 19-63a 

Pertainill8 to cOlDents made in DES Paragraphs 4.106 and 4.107, 
evaluation of ichthyoplankton entrainment abundance at the Bowline 
Point Generating Station may be found in Orange and Rockland (1977a; 
Section 9.2). 

B.esponse 

The PBS discussion of Bowline POint entrainment of fish eggs, 
larvae, and juveniles has been revised to include the information 
found in Orange and Rockland (1977a). 

C01IIIlent 19-64 

Pertaining to the stateaent made 1n DBS Paragraph 4.108, only 
striped bass and white perch were analyzed in 1973 at Bowline Pointj 
thus the unidentified larvae could have been Alosa spp., Atlantic 
tomcod or bay anchovy. 

9-64 



Response 

The discussion of Bowline Point entraiaaent bas been revised for 
the PElS and the stataent aade in the ms paragraph 4.108 has been 
deleted. 

Co_nt 19-65 

With reference toWS Paraaraph 4.111, the last sentence of this 
section invalidates the previous sentence, i.e. there was no problem. 
Also, a .ore detailed aDd c~ebeD8ive evaluation of entrainment 
survival inforution .. , be found in OraDle aDd lockland (1977a). 

Response 

This proble. bas been resolved by revisiDi the discussion of 
entraillMnt at BowUne Point. 'nle revisad discussion presented in 
PES paragraph 4.128 inclucles new information frOil Oraoae and Rockland 
(1977a) • 

COllllent 19-66 

Pertainias to DIS paraara,hs 4.112 and 4.113, the definition 
of -normal- teaperature exposure and ichthyoplankton survival is 
addr .... d in OraDie and Rockland (1977a, Section 9.4). Atlantic 
tOllCod survival for 1976 and 1977 .. y be found in Orange and Rock
land, 1977a, Section 9.4. 

Response 

These sections bave been rewritten for the PES (paragraph 4.129) 
and the statements in question have been deleted. 

Cm.ent 19-67 

There is no inherent reason why the 27% OINL 1IOrtality estimate 
for striped bass at ROHton .",porta t_ 24% OIRL estimate at B0¥
line. No rationale is presented for lHItina the assumption in the 
last sentence of this section. Although limited data were involved, 
in contrast to the 1975 Roseton data referred to here, survival of 
yolk-sac striped bass at Lovett in 1976 was estimated at 100%. (!A, 
1977a; Section 1.3.2). 
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Response 

This section bas been rewritten for the I'BS (paragraphs 4.128) 
and the statement in question has been deleted. 

COllllent 19-68 

Reference to the aamplina _thod uMd to estimate striped bass 
entraimaent mrtallty at IDdian POint i8 inadequate (DIS Patagraph 
4.11S). Inough is knOWn about net aotta1ity probl ... in the sur
vival studies at IDclian Point to elaborate here. The probable bias 
introduced by the aaaptina method at Indian Point should be dis
cussed. (See EA, 1977a; Sections 1.3 and 1.3.2). 

Response 

This section has been rewritten for the PBS (paragraphs 4.128) 
and the statement in question bas been deleted. 

COlllDent 19-69 

The last sentence of DES paragraph 4.116 should read, "Young 
fish in their first year of life lenerally dominated iapingeaent 
collections" • 

Response 

This section has been rewritten for the PBS (paragraphs 4.134) 
and the statement in question has been deleted. 

Comment 19-70 

As presented in DES paragraph 4.118, unacijusted iapinaement 
rates, without scale-up, provide lower estimates of iapingeaent at 
Bowline Point (Orange and Rockland, 1977a, Section 10.2). Employ
ment of a collection efficiency of O.S by OIHL is not supported by 
existing data. (Oranae and Rockland, 1977a, Section 10.2.3.1.3, 
p. 10.2-10). . 

Response 

This section has been rewritten for the PBS (paragraphs 4.131), 
and the statement in question has been deleted. 
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C01IIIent 19-71 

IapiDieaent surv1val at Bovline Point as aentlonecl in DES 
paragraph 4.119._y be found in Ora ... aad lockland, 1977a, Section 
10.3. 

Response 

The sectioll8 have been rewritten in the PES (paragraphs 4.131), 
and the stat_nt in question has been deleted. 

Co..ent 19-71a 

Pertaining to paragraph 4.126 of the DES. chlorination has been 
discontinued at the Roseton and D"staa.er plants in favor of mechan
ical coDdenser cleaninge 

Response 

The section has been rewritten in the PES (paragraph 4.143 ) and 
the statement in question has been deleted. 

Comment 19-72 

Contrary to the statement .. de in DES paragraph 4.134, data 
regarding numbers of ichthyoplankton of key fish species entrained 
at the Roseton station through the year 1976 are given in the evi
dentiary material filed with EPA Begion lIon July 11, 1977 (Central 
Hudson, 1977a). 

Response 

This section has been rewritten for the PES (paragraphs 4.14~ to 
include the recently available data on 1976 entrainment at Roseton. 

Comment 19-73 

The findings of Ecological Analysts (1977a, 1977b) should be 
added to the dieeussion of cuaulatton i~acts on phytoplankton, 
zooplankton. aDd. benthos fouacl in .8 paragraphs 4.140 to 4.152. 

Response 

The results of this recent study have been included in the FES 
when appropriate. See paragraphs 4. 162 to 4.172. 
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COllllent 19-74 

Contrary to the sta~t.ad. ill DIS paraaraph 4.158, insuffi
cient data exist to .aliOw the ·litat_nt that Atlantic tOllCod" yolk-sac 
larvae are distributed throuahout the water colUllIl. (McFadden, 1977 
at Section 14.42, p. 14.14). 

Response 

The discussion of lIUltiplant entrainment effects has been re
written for the FES (paraaraphs4.l73), and the statement in question 
has been deleted. 

COlDDlent·19-75 

The estimate of entraiment for Unit 1 of Indian Point in Table 
4-19 of the DES is based on Unit 2 concentrations rather than on 
river concentrations as stated in the footnote. In addition, -August 
1974" in footnote d of Table 4-19 should be changed to September 
1974. 

Response 

This table has been deleted from the PES. 

COllllllent 19-76 

Contrary to statements .. de in DIS paragraph 4.162, fish im
pingement data (all species) are reported monthly as well as annually 
in utility reports. (See generally the "Indian Point Impingement 
Study" reports for 1972-73, 1974 and 1975 which were provided to the 
Corps of Engineers by letters dated February 20, 1975, December 11, 
1975 and Deceaber 20, 1976, respectively). Furthermore, reports pre
pared for Orange alld lockland (LMS, 1974; LMS, 1975; LMS, 1976 and 
Orange and Rockland, 1977aj Section 10.2) report on impiDiement data 
of striped bass, white perch, Atlantic tOllCod, and other species. 

Response 

This section of the report has been rewritten in the PES (para
graphs4.180). Where appropriate the revised version provides more 
detailed information on Hudson River power plant !mpiDiement of fish. 

9-68 



- -- ------------------------

C01llllM!nt 19-77 

Power plant impacts on blueback herring and shortnose stur
geon were not calculated but were discussed in McFadden (1977 at 
p. 14.19). Accordingly, despite the implication in the DES at para
graph 4.162, the equilibrium reduction equation was not applied for 
impact assessment on these two species. 

Response 

This section has been deleted from the FES. 

Comment 19-78 

The impingement data presented in Table 4-22 of the DES should 
not be exp~essed as number per million gallons, but rather as number 
per million cubic meters. In addition, although not significantly 
different, the data presented in this table should be updated in 
light of the data presented in Supplement 1 to the January, 1977 
report (MCFadden and Lawler, 1977). The derivation of the impinge
ment rates at Cornwall is unclear, since the plant does not exist. 
Further, it is improper to consider the Cornwall project here as it 
has no bearing on the subject proceedings, nor can it be used as a 
determinant for the installation of cooling ~ower.-in 1982 when it 
will not become operational until 1988-89. . ,( 

Response 

Table 4-22 (DEIS) has been deleted from the FES. 

Comment 19-79 

It is unclear why, in Table 4-23 of the DES, different factors 
were applied to the impingement estimates at Bowline, Indian Point, 
and Roseton when the cooling system is changed from once-through COT) 
to closed-cycle (Ce). For instance, the impingement estimate at Bow
line with CC cooling is 2% of that with OT cooling, whereas at Indian 
Point it is about 9% and about 4% at Roseton. The higher factors 
applied to the Roseton and Indian Point impingement estimates require 
justification. 

Response 

Table 4-23 (DES) has been deleted from the FES. 
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COJllllent 19-80 . . 

Instead of the use of cIo_ed-cycle coo.\ina, modification of all 
intakes with the installation of" screens or ~eflection devices could 
also reduce 1apinleaent, an4 would cost less than cool1na towers. 
(See, for exaaple, Stone aud Webster, 1975, 1976a and 1976b; and 
Exhibits 16 aDd 22 of the July 11 f1l~na with EPA, all of which have 
been supplied to the Corps of Engineers). 

Response , 

Studies on the use of nets in front of the intake structures at 
Bowline Point are summarized in the Bowline Point impinaement section 
of the FES (paragraph 4.138 ). In addition, the concept of using 
screens-or deflectina devices to reduce impinaement impacts is dis
ccussed in Paragraphs 6.58 through 6.60, Modification of the Present 
Permit--Improvements to Plant Intake. 

C01llllent 19-81 

Unlike Indian Point Unit 2 where impinaement collection effi
ciency may be less than 100% due to the air bubbler and once-a-day 
washina of the vertical fixed screens; the collection efficiency at 
Bowline and Rose ton should be very high. (See Orange and Rockland, 
1977a, Section 10.2). Application of ~ collection efficiency of 0.5 
to Bowline and Roseton impinaement estimates, as discussed in DES 
paragraph 4.170, surely results in a gross overestimation of impinge
ment impacts at these plants. 

Response 

This section has been deleted from the FES. 

CODlDent 19-82 

In paragraph 4.172 of the DES it is stated that the extent to 
which the Ricker theory is applicable to estimatina the ultimate 
effects of power plant generation on Hudson River fish populations 
is presently unresolved. Supplement 1 (McYadden and Lawler, 1977) to 
the January 1977 Report (Mcfadden, 1977) presents a detailed analysis 
and application of Ricker's stock-recruitment theory in estimating 
the ultimate effects of power plant operation on Hudson River fish 
populations. 
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Response 

Information in Supplement 1 (McFadden and Lawler, 1977) have 
been used itt preparation of the FES. A discussion of the applic
ability of the Ricker theory is included in material beginning at 
paragraph 4. 187 • 

Comment 19-83 

Values of percentage losses from entrainment and impingement 
given in Table 4-24 of the DES have been updated in McFadden and 
Lawler (1977) at p. 2-VIII - 36, 37. 

Response 

These data have been used in the FES. 

Comment 19-84 

The issue discussed in paragraphs 4.180 and 4.181 of the DES 
is not the existence of striped bass compensation but its extent and 
operation. The existence of coapensation has been shown empirically 
for striped bass populations. The commercial fishery catch data pro
vide precisely the long time-series which the DES requires to "deter
mine empirically the existence of compensatory relationships within a 
fish population." 

Response 

The most recent Utility analyses to demonstrate empirically the 
existence of compensation in striped bass and white perch populations 
of the Hudson River are evaluated beginning at paragraph 4.192 of 
the FES. 

Comment 19-85 

Estimates of entrainment mortality (fc) presented in Table 
4-25 of the DES are obsolete in light of ,the updated 1975 and 1976 
entrainment survival data available since the DES was issued. 

Response 

A discussion of entrainment mortality utilizing more recent data 
can be found beginning at paragraph 4.173 of the FES. 
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Comment 19-86 

The large ranses of fl factors presented in Table 4-27 of the 
DES are due not to the quality of the data, but to the wide varia
tions in the distribution of striped bass ichthyoplankton frOll year 
to year and from one plant site to another. More recent data can be 
found in McFadden and Lawler (1977). 

Response 

More recent data have been incorporated into the PES at para
graph 4.173 • 

Comment 19-87 

Instead of the values for entrainment mortality given in Table 
4-26 of the DES, the Corps sho~d use the results from larval table 
sampling. The larval table results are much better mortality esti
mates. 

Response 

These recent data have been used in the FES. 

Comment 19-88 

The interpretation of the analyses pertainins to the best lag 
time. to use in pairing spawners with the resulting recruits may be 
more complex than the presentation given in paragraph 4.187 of the 
DES. 

Response 

More recent analyses of the appropriateness of the Utilities 
choice of a 5-year lag time in match ins data on spawners and recruits 
for striped bass in the Hudson River is presented beginning at para
graph 4.229 of the FES. 

Comment 19-89 

McFadden and Lawler (1977) presents a revision of the analysis 
of population density effects on growth of young striped bass as 
given in paragraph 4.188 of the DES. After corrections in the raw 
d~ta, the negative relationship between density and growth reported 
in the DES is no longer apparent. However, this does not mean that 
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such a relationship does not exist. The Corps should refer to 
studies of the Roanoke Albemarle system by the University of North 
Carolina at Raleigh (Hassler and Hogarth, 1970) and on the West Coast 
(Chadwick, 1964; 1968). (See White perch work by Mansueti, 1961 and 
by Hergenrader and Bliss, 1971, on growth and population density). 

Response 

The most recent Utility analyses to demonstrate empirically the 
existence of compensation in striped bass and White perch populations 
in the Hudson River are evaluated beginning at paragrah 4.187 of the 
FES. 

Comment 19-90 

Section 2-IV of, McFadden and Lawler (1977) provides an extensive 
analysis indicating "the range of mortality'rates resulting from 
pqwer plant operations that could be offset by compensatory responses 
and the degree of offset". 

Response 

Data from McFadden and Lawler (1977) have been incorporated into 
the FES at paragraph 4.187 of the FES. 

Comment 19-91 

Utilities disagree with all four contentions of the staff of 
the Oak Ridge National Laboratory presented in paragraph 4.192 of the 
DES regarding the form of compensation function used in the Lawler, 
Matusky, and Skelly model of long-term fish population reduction. 

Response 

The model referred to is no longer used by the Utilities to 
estimate long-term impacts and has been deleted from the FES. 

Comment 19-92 

In reference to the values given in paragraph 4.194 of the DEIS 
for entrainment mortality used in the Oak Ridge National Laboratory 
model runs used to estimate long term impacts to striped bass, mor
tality for organisms entrained in a. closed cycle cooling system is 
100 percent. 
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Response 

This model is no louaer used by the Oak Ridge National Labora
tory and has been dropped frOil the PBS. 

CODlDent 19-93 . 
I 

The large reduction in striped bass adult population size pre
dicted by the Oak Ridge National Laboratory model as presented in 
Table 4-31 and discussed in paragraphs 4.196 and 4.197 of the DES 
is due principally to the modification of the compensation function 
as proposed by Lawler, Matusky, and Skelly. Utilities disagree with 
the modification of the function. Also, Utilities disagree with the 
inclusion of the effects of the Danskammer and Lovett plants since 
their impacts on fish populations is already reflected in the base
line condi tions • 

Response 

This model is no longer used by Oak Ridge National Laboratories 
or the Utilities to predict long-term impacts and has been dropped 
from the PES. 

Comment 19-94 

The Utilities agree that the runs of the Oak Ridge National Lab
oratory population model that use no compensation, as discussed in 
paragraph 4.198 of the DES, are unrealistic. 

Response 

This model is no longer used by the Oak Ridge National Labora
tory and has been dropped from the PES. 

Comment 19-95 

The "increase" in the magnitude of effect from annual loss of 
young-of-the-year compared to the reduction in adult stock after 40 
years as predicted by the Oak Ridge National Laboratory population 
model and discussed in par&,lraph 4.199 of ,~he DES is due to the form 
of the compensation function used. Utilities d1sa~ee with the form 
of the Laboratory's compensation function. 
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Response 

This model is no longer used by the Oak Ridge National Labora
tory or the Utilities and haa been dropped from the FES. 

CODlllent 19-96 

Utilities disagree with Oak Ridge National Laboratory in re
stricting compensation to the entrainable life stages only in their 
population model of long term impact, which is discussed in paragraph 
4.202 of the DES. The Laboratory has offered no evidence that com
pensation does not occur during the impingeable life stages. 

Response 

This model is no longer used by Oak Ridge National Laboratory to 
predict long-term impacts and has been dropped from the FES. 

CODDDent 19-97 

The equilibrium model (i.e. Equilibrium Reduction Equation 
[ERE]) discussed in paragraph 4.203 of the DES is not an extension of 
the Lawler, Matusky, and Skelly model used by Oak Ridge. The ERE was 
developed independently by Texas Instruments. 

Response 

This statment has been removed from the FES. 

Comment 19-98 

The long-term reduction in the adult population level of striped 
bass in the Hudson River as predicted using the Real-Time Life-Cycle 
Model has been revised upward to 8 percent (McFadden and Lawler, 
1977) from the value of about 5 percent given in the DES in paragraph 
4.204. Also the characterization of the Oak Ridge National Labora
tory popUlation model in the DES as employing "strong compensation" 
is completly unfounded. As indicated above, the largest amount of 
compensation in Table 4-31 (KXO/KX - 0.5) corresponds to an extremely 
low level of alpha (1.4). The percentage reductions in Table 4-32 at 
KXO/KX - 0.5 (13 to 15%) correspond to a more realistic, yet still 
conservative, level of alpha (3.2). 
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Res~onse 

An analysis of the Real-Time Life-CYcle Model is given in the 
PES beginning at paragraph 4.241. The Oak Ridge National Laboratory 
no longer uses the population model to predict long-term impacts, and 
it has been dropped from the PES. 

Co_ent 19-99 

Much more important reasons for the differences in the impact 
predictions obtained by the Utilities and the oak Ridge National 
Laboratory, than those given in the DES beginning at paragraph 4.205 
are: 

(1) The amount of compensation operative; 

(2) Differences in entrainment survival estimates; and 
the 50% impingement collection efficiency erroneously 
applied to Bowline and Roseton data by ORNL. 

Response 

Oak Ridge National Laboratory no longer uses the population 
model discussed in the DES and has made no new predictions of long
term impacts to fish populations. Comparisons with present Utility 
estimates are not possible in the PES. 

Comment 19-100 

Ricker's methodologies for assessment of exploitation may be 
applied in a manner which allows natural mortality to be held to be 
negligible or in a manner in which exploitation occurs over a period 
of months during which a high rate of natural mortality occurs. 
Texas Instruments (TI) in applying Rieker's methodologies initially 
elected to apply them in a manner which discounted concurrent natural 
mortality. Subsequent to the issuance of McPadden (1977) in which 
this methodology was developed and presented (Section II), it was 
pointed out to TI that a more appropriate approach would be to 
account for natural mortality throughout the rather long period of 
exposure to power plants. This is the reason for the use of the term 
"misinterpretation". Utilities believe the use of the word "error" 
in paragraph 4.206 of the DES is incorrect. 

Using the revised interpretation of Rieker's analysis an~ the 
o."" ~al ibration of the LMS Model results in a prediction of multi-plant 
_llip" 8l: 40 years of 8% (McPadden and Lawler, 1977, Section 3-VIII). 
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Response 

The reference to an error in analyses has been removed from 
the PElS. An analysis of lIOre recent Utility estimates of long term 
reduction in fish populations begins at paragraph 4.205 of the PES. 

Comment 19-101 

It is stated in paragraph 4.207 in the DES that the population 
models used to predict impact to fish populations by the Utilities 
and Oak Ridge National Laboratory were different in that the Utility 
analysis used a level of compensation stronger than the strongest 
case considered by Oak Ridge. 

The most important difference in the application of the models 
however, was Oak Ridge's disabling of the left limb of the compensa
tion function. 

Response 

These models are no longer used to predict long-term impacts and 
have been removed from the PES. 

Comment 19-102 

It is stated in paragraph 4.208 of the DES that Oak Ridge Na
tional Laboratory noted a larger effect of impingement in their runs 
of the population model than did the Utilities in their runs of the 
same model. The important effect of impingement when strong compen
sation was assumed in the Oak Ridge runs was thought to account for 
the difference. As explained in Comment 19-98, "strong compensation" 
was not assumed in any of the Oak Ridge runs. Inflated impingement 
rates due to the unfounded application of a 50% collection efficiency 
at Bowline and Roseton probably caused the greater estimate of im
pingement impact. 

Response 

These models are no longer used to predict long-term impacts and 
have been removed from the PES. 

Comment 19-103 

It is stated in paragraph 4.210 of the DES that differences 
h vc::llles of entrainment mortality were probably not responsible for 
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the larger differences in esttmates of long-term impacts to the adult 
striped bass made by the Utilities and the oak Ridge'National Labora
tory. The Utilities beli .. e that·dif~rences in the values chosen 
for entrainment m.rtal1ty do contri1Nte tothedifferenc.s ·in iapact 
predictions. oak tid .. used three d1fferent levels of intake fac
tors. These are not all similar to the values used by the Utilities. 

Response 

These older models are no longer used to predict long-term 
impacts and have been dropped from the PES. 

Comment 19-104 

In paragraph 4.219, the notion of arriving at an equitable 
distribution of benefits and costs is mentioaed. However, the Corps 
of Engineers has not provided any cost/benefit evaluation for the 
alternatives proposed. Purtheremore, no cost/benefit or comparative 
evaluation of alternatives to closed-cycle cooling has been provided 
in the DES. 

Response 

As indicated in paragraph 4.02 of the DES and the introductory 
portions of section 6 dealing with alternatives, the analysis pre
sented in the DEIS focuses on the costs and benefits associated with 
alternaitve options available to the District. However, the analysis 
encompasses cooling alternatives (paragraphs 6.09 through 6.56 of the 
DES) and alternatives to closed cyele cooling (paragraphs 6.58 
through 6.62 of the DEIS); although regulatory decisions on these 
matters are not within the purview of the District. This is con
sistent with the directives of the National Environaental Policy Act 
on the question of alternatives and allows the District to assess the 
implications of its own action under a range of conditions represent
ing the possible outcome of actions taken by other agencies. 

Comment 19-105 

The visual impact of the Bowline Point Generating Plant will be 
exacerbated by the construction of the proposed cooling towers. 

Response 

A discussion of the visual impacts of the Bowline Point Station 
are given beginning at Paragraph 4.251 of the PES. 
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COllllent 19-106 

Referencing paragraph 4.224 of the DES, Orange and Rocklanc! !>as 
optimized the cooling tower design to the lowest possible height, 
which is 393 feet. The base di8.1leter would be 315 feet. 

Response 

A note has been added to Pigure 4-14 of the DES to indicate that 
the artist's impression given in this figure 1s based on a prelimi
nary design and that the height and base diameter of the towers have 
been reduced according to a later design. The appropriate changes 
have been made in paragraph 4.224 and 6.18 of the DES. 

COllllent 19-107 

Utilities support the fact in paragraph 5.10 of the DEIS that 
there are alternatives to cooling towers, which could be implemented 
at far less cost, in lieu of cooling towers, if impacts were deemed 
unacceptable. These alternatives could include modified operation of 
the circulating water system to optimize entrainment survival, modi
fication of the intake structure to reduce impingement, or stocking 
Hudson River striped bass. (See Orange and Rockland, 1977a; Section 
9.4.4.3.3, p. 9.4-58; Stone and Webster, 1975, 1976a, 1976b and Texas 
Instruments, 1977.) 

Utilities disagree that it is impossible to predict how success
ful alternative measures would be, based upon the research results 
reported above. 

Response 

Comment noted 

Comment 19-108 

Paragraph 5.14 of the DES notes that the presence of poly
chlorinated biphenyl compounds in the Hudson River is a factor that 
warrants consideration as elements of risk associated with the long
term operation of the power plants with closed-cycle cooling. The 
comment notes that the presence of these compounds has resulted in 
the prohibition of com.ercial fishing in the Hudson River and in the 
limitation of the number of fish taken by sports fishermen for con
sumption. 
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Response 

Mention is .... e in par .. ra~h 2.37 of the DES of the ban on COl!l

mercial fishing in the Ruclson J1iv,r and the advisory on limiting the 
intake of fish frOID .the Hudson 1tiver as a result of elevated levels 
of polychlorinated biphenyl cOmPounds (PCB's) in the river. Avail
able inforaation, liven in Filures 2-16 and 2-17 of the DIS, indi
cates that annual cOllllercial landinas in the Hudson River Valley have 
been of the order of 300,000 pounds for American shad and les8 than 
100,000 pounds per year for alewives and striped bass. 

This ban repreaents a monetary losa to the c~rcial fishermen 
of the Hudson River Valley b~t, clearly is unrelated to the operation 
of the Bowline Point Generatina Station and the other power plants on 
the river. In the lona term, it appears reasonable to auppose that 
the present prohibition on the discharle of PCB's, possibly accom
panied by efforts to decontaainate the river, will lead to reduced 
levels of these coapounds in the river. COIIlIIlercial Ushina ... y re
suae and the potential effects of the power plants on the fishina 
industry then beccae a relevant consideration. It is difficult, how
ever, to estimate the magnitude of theae effects in terms of finan
cial loss .. for a nUllber of reaso~s. Principal amona thea is the 
uncertainty concemiDl the effects of the power plants on populations 
of fish in the Hudson River, as discussed in detail in .various 
sections of the DES. 

Beyond this uncertainty, several factors must be considered in 
relating possible reductions in. standing stocks to financial losses 
to the. regional fishing industry. Market conditions, such as the 
demand for a particular type of species of fish and the value of the 
product, rather than standing stops could be the principal determi
nants of the commercial catch. The seasonality of cOllUlercial land
ings may be another important factor in terms of the size and nature 
of the fishing industry that can be maintained. Nonetheless, a re
duction in standings stocks can, in leneral, be related to a reduc
tion in catch-per-effort and, in turn, to a loss in the earnings of 
commercial fishermen. 

Couaent 19-109 " 

Orange and Rockland Utilities, Inc. and Central Hudson Gas and 
Electric do not agree that the Corps has any lelal authority to place 
operating restrictions on the Bowling Point or Roseton lenerating 
stations. 
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Response 

Current regulations authorize the District Engineer to re
evaluate the circumstances and conditions of a permit either on his 
own motion or as the result of periodic progress inspection, and to 
initiate action to modify, suspend or revoke a permit as may be made 
necessary by considerations of the general public interest. All 
factors which may be relevant must be considered in this review, 
including conditions of conservation, economics, aesthetics, general 
environment concerns, historic values, fish and wildlife values, 
safety, land use, water quality, and in general, the needs and 
welfare of the people. 

Comment 19-110 

It is believed that problems associated with backfitting a plant" 
designed for once-through cooling, the aesthetic impact of massive 
towers and their plumes, and 100 percent mortality of entrained 
organisms will probably be ~cologically disadvantageous along with 
salt drift. 

Response 

COIIIIIlent noted. 

CODlilent 19-111 

Paragraph 6.48 of the DES discusses measures aimed at reducing 
the amount of cooling water that is withdrawn from the Bowline Pond 
and circulated through the power plant. Based upon organism thermal 
tolerance information, the utility believes that careful considera
tion must be given to the operating mode of the recirculating water 
system. 

Response 

Comment noted. 

CODlllent 19-112 

Paragraph 6.57 of the DES notes a number of other mechanisms in 
addition to thermal shock through which biota are injured or destroy
ed. However, larval table data at Bowline show that temperature is 
the main determipant of mortality. 
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Response 

COIIUDent.noted. 

Comment 19-113 

The discussion of potential ~provements to plant intake. struc
tures in paragraph 6.58 - 6.60 of the DES should be expanded. 

Response 

An expanded discussion of the possibility of installing alter
native intake structures at the Bowline Point Generating Station now 
replaces the discussion given in paragraphs 6.58 through 6.60 of the 
DES. 

Comment 19-114 

Paragraphs 6.61 and 6.62 of the DES discuss the concept of a 
comprehens ive management program within the New York Powe'r Pool which 
would, inter alia, restrict certain power plant operations depending 
upon ecological conditions. This concept should be explored in 
greater detail and should particularly address the responsibility of 
the member utilities to supply adequate and reliable electric service 
at lowest possible cost to the consumers in New York State. The 
Corpts l~ited authority over implementing such a program should be 
addressed. 

Response 

No statement made in the DES is intended to be contradictory 
to the substance of this comment. As mentioned in paragraph 6.62 of 
the DES, the notion of tlecological dispatch" is a suggestion based on 
limited ecological information, with evident need for more data and 
analysis to formulate a comprehensive management program. Editorial 
and other changes have been made in Paragraph 6. 70 of the FES to 
emphasize that tlecological disptach" can be considered at present 
only as a PQssibility of undertermined ecological, technical and 
economic viability." 

Comment 19-115 

In the first sentence in paragraph 6.77 of the DES, change 
Bowline Point to Roseton. The last sentence should read: tithe 
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increased fuel consmaption is estiaated to be on the order of 2.5 
1Dillion barrels of fuel 011 per year with a spot 1I8rket value in 
excess of $45 ail lion per year." 

Response 

The obvious error in paragraph 6.77 of the DES has been cor
rected. A revised esti .. te shows that the additio~al fuel consUlllP
tion associated with the suspension of the Rose ton is 2.5 1Dillion 
barrels of fuel oil per year as indicated in this cOllllent, and not 
2.0 1Dillion barrels per year as indicated in the DES. In order to 
maintain consistency throughout the analysis, a value of $37.5 to $40 
is assigned to this increase in consumption on the basis of 1976 spot 
prices of fuel. 

Comment 19-116 

It is 1Disleading in paragraph 7.04 to lump all short-term uses 
of man'e environment along the estuary as if they all caused reduc
tions in productivity. 

Response 

Editorial and clarifying changes have been made in paragraph 7.04 
of the lESe 

Coument 19-117 

The implication in paragraph 8.09 of the DES that striped bass 
are selectively stressed is incorrect. 

Response 

The argument presented in paragraph 8.09 of the DES is an expan
sion of the possibilities identified in paragraph 8.07 as potential 
irreversible, or permanent i1Dpacts. With the present state of knowl
edge of the aquatic ecosyste1D of the Hudson River estuary, the argu
ment is, of necessity, based 1Dostly on theoretical considerations. 
Among these is the possibility that striped bass are selectively 
stressed with re.pect to other species because of different charac
teristics in life cycles of the fishes. For ~a.ple, the particular 
spawning habits of striped bass could, in principle, render their 
progeny 1Dore or less susceptible to entrainment and i.pinge1Dent. 
The sensitivity of eg&. and larvae to entrainment and survival among 
i1Dpinged juveniles in many cases is known to vary from species to 
species. It is conceivable, therefore, that one or more species 
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could be selectively stres.d aDd t.hat the irreversible impacts 
identified in paragraph 8.07 of the DES could materialize. 

C01IIIIl8nt 19-118 

AppeDdix B i8 incomplete in that· it do .. not cOlltain a ,copy of 
the Septeiaher 22, 1976 Order of Judie Hetzler in Bud_on R.1ver 
Fisheraen'8 Association, .!i al., v. Oralli. and Rockland Utiltiiea, 
Inc., .!lal., (72 Cir. 5460). 

Respona. 

A copy of the Order has been included in Appendix B in the RIS. 

COlllent 19-119 

Appendix C auapats that the pneration from Roaeton and Bowline 
is not neceasary, .peculating that other leneration sources are or 
will be available. These unwarranted conclusions are completely 
incorrect. 

Reaponse 

AppeDdix C provides detailed information to support certain 
findinas aDd conclusions made in the body of the report. A statement 
to this effect has been added to the introductory paragraph of the 
Appendix to ensure that it's intended purpose is clearly defined. 

Responsea to the more specific commenta that follow will ef
fectively address the broad points of contention contained in the 
above comment. 

C01llllent 19-120 

In deviaina the lons-ranae plans of the Rew York Pover Pool, the 
investor-owned ___ bar utilities are limited by a number of external 
constrainta. Th.ae cOllpaniea have severe financial co_traints on 
the inveataent of new capital and are required by their .. nasements 
and stockholdera, aDd by reaulatory authoritiea, to "".tify the com
mitlllent of funda to new facilitiea.,,· While the projection of future 
load is an i-,ortant factor in the decision to coaatr.ct a plant, 
this factor doea not atand alone. The enviroumental constraints on 
new facilities, the attitude of, and lelal re.traints imposed by, 
local lovernaents, the local tax burden on a facility, the attitude 
and productivity of the labor environment, and the price reaistance 
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of customers all confine the planning for the construction of new 
facilities. 

Response 

A discussion on tbe significance of projections of peak load 
in planning additions to generating capability is given in the third 
paragraph on page C-ll of the DES. In the discussion it is pointed 
out that all prOjections represent the pri.ary basis, and not the 
exclusive basis, for planning. The factors enumerated in the above 
comment coapliment the infor.atlon given in the DES and point to the. 
advisability of allowing for contingencies in long-range generation 
plans. A discussion of the effects of such contingencies is given on 
pages C-18 through C-20 of the PES. 

Comment 19-121 

National policy requires the limitation, to the extent possible, 
of the need to burn oil. Accordingly, the long-range plans of the 
Power Pool now envision expansion of power generation using coal and 
uranium fuel. 

Response 

A description of the Power Pool's long range plans given in the 
first full paragraph on page C-18 of the DBS indicates that nuclear 
fueled power plants constitute approximately 64 percent of the addi
tional generating capacity scheduled to be installed between 1976 and 
1991, with coal and oil f~~led power plants constituting respectively 
15 percent and 9 percent of additional capacity. 

Comment 19-122 

Changing environmental and regulatory requirements and pro
cedures have limited the Pool's ability to estimate the total tiae 
needed for planning and construction of new generating units. Two 
major uncertainties -- a return to the higher trends of long-term 
load growth rates as the effects of the national recession ease, and 
a delay in bringing units on the line must be considered in planning. 
In developing the Pool plan, the most reasonable estimates permit 
allowance for tbe detrimental effects of either, but not both, of 
these two major uncertainties. The Pool's present forecasts reflect 
the lower growth rate of the past three years and the impact of 
conservation efforts. These lower growth rates run counter to both 
historical trends and to the fact that the trend of consuaption of 
other forms of energy for other purposes has not experienced similar 
declines. 
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The current experience is that the overall time required to 
. put generation into operation is actually increasing due to several 
factors, including regulatory delays, construction delays, enforced 
regulatory modifications, and litigation. Utilities believe that it 
is becoming increasingly more difficult for new generation to becoae 
productive in the anticipated time. 

The Power Pool plan recognizes the two major uncertainties, 
provides for the occurrence of one or the other (but not botla), and 
develops a plan which projects reserves of large magnitude, if all 
occurs according to aS8uaptions; and it includes an optimistic per
spective of the time required to imple.ent the plan. However, the 
plan is not the fact; and if a fortuitous set of circumstances should 
combine to permit perfect implementation, action obviously would be 
taken in later plans to delay future, uncommitted plants. Each plant 
must receive a certificate for construction, on an individual basis, 
in a procedure in which the then current need for the plant is 
thoroughly examined. 

Response 

The summary of the New York Power Pool's long range generation 
plan given on pages C-18 through C-20 of the PES confirms the pre
diction that adequate reserve margins could not be maintained with 
both a load growth higher than anticipated and additions to capac
ity coming on line on a delayed schedule. As indicated in the above 
comment, the addition of new capacity can be delayed if either one of 
these contingencies, considered adverse from the standpoint of plan
ning, fails to materialize fully. 

Comment 19-123 

The high future level of reserves indicated in the Pool plan 
wiil, in all probability, never be realized. The present relatively 
high level of reserve is the result of the economic downturn experi
enced nationally and its lingering effects which are still prevalent 
in the northeast sector of the country. 

Many of the plants currently in place were authorized and built 
during the late 1960's and early 1970's, when growth rates demanded 
the construction of these facilities. In recognition of the need to 
reduce the cost of energy (presently among the highest in the coun
try), it is necessary to run the least costly existing units to 
generate electricity to reduce the effect of energy costs on the 
heavily burdened people. The Roseton and Bowline plants, which are 
among the most efficient plants in the Pool, thus are an asset to 
this area. 
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The iaplication in the DES that other units can be run in place 
of Roseton and Bowline does not take into account the economic impact 
of energy costs on the consumer and, to the extent that this econoaic 
burden on the cust~ is disregarded, does not create the necessary 
background for the value jud8llents that need to be aade in an envi
ronmental impact statement. 

Response 

The monetary as well as energy costs associated with the loss of 
generation froa the Bowline Point and Roseton stations are discussed. 
in paragraphs 6.73 and 6.75 of the PES. As indicated in these para
graphs, the generation of energy to replace the energy produced by 
the Bowline Point station would entail a penalty estiaated on the 
basis of 1975 records to be of the order of 10,500 billion Btu, the 
equivalent of 1.75 million barrels of oil valued at $26 to $28 mil
lion at 1976 prices. The corresponding figures for the Roseton sta
tion, given as 2 million barrels of oil and $30 million per year in 
the DES, have been revised in the PES to 2.5 million barrels valued 
at $37.5 to $40 million at 1976 prices. 

COlllllent 19-124 

To iaply that the simple solution of using gas turbines is a 
viable alternate to generation with modern steam-electric plants 
is completely erroneous and contrary to the public interest. Gas 
turbines are used for peaking purposes and are intended to run for 
short periods of time to supply short-time peak loads. They are less 
costly from a capital point of view, but inherently much more expen
sive because of the fuel used and because of their low efficiency. 

The current technology of gas turbines requires that they be 
fueled with distillate products which are more expensive than the 
residual oil, coal, or uranium fuel used in large plants. The 
overall cost of electricity from these turbines, when operated for 
equivalent time periods, is substantially greater than that of large 
steam-electric plants. Furtheraore, the impact of the heavy consump
tion of this fuel, for electric generating purposes, on the market 
price of the product, which may be used for home heating oil, diesel 
fuel or jet engine fuel, will force the price of these products to 
rise, or in some instances may produce shortages. This impact on the 
prices paid by the consumer for many products cannot be dismissed. 
The supply of this fuel and these products is not geared to large 
consumption by utilities. 

In the case of pumped storage developments, which are also part 
of the generation expansion plan, the investor-owned utilities are 
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asses8ing the viability of such developments, on an on-goina basis. 
For some time to come, it will be economic to 8upply electricity from 
the present oil fueled plants to run these unite. Of ,course, to the 
extent that these pumped Itora,e plants exist, it will be best to 
utilize the most ef~icient unlts to pump them, thus increasing the 
need to run units such as Roseton and Bowline. 

Response 

There is no intent in the analysis presented in the DES to imply 
that gas turbines would be used to replace the power generated by the 
Bowline Point or Roseton stations in the event of operat~ons being 
suspended at these station.. What is aS8umed in the analysis (para
graph 6.75 and 6.86 of the FES) is that replacement po-.er would be 
supplied from all sources controlled by the Hew rork P~r Pool. It 
is assumed that the major portion of ~he replacement pow.r would be 
derived from ste .... electric .facilities which make up th4! largest part 
of the &snerating capability available to the Pool. Since ·this is 
likely to involve an increaaed usage of older, les8 efficient equip
ment to meet base load, the energy and cost penalties discussed in 
response to a previous comment are given in the analysis. 

It may be well to note that the economy and reliability of 
supply associated with the continued, unencumbered operation of 
the Bowline Point and Roseton generating stations are recognized as 
benefits in this analysis (Paragraphs 6.06 and 6.78 of the FES). The 
loss of these benefits is considered as one of the consequences of 
suspending operations at the two generating stations until closed 
cycle systems can be installed. This loss is next contrasted to the 
benefits to the aquatic ecosystem of the Hudson River lstuary ex
pected to result from a tellporary suspension of operations. In both 
the case' of the Bowline Point and the Roseton Stations, such benefits 
to the aquatic ecosystem are taken to be negligible. Accordingly, 
further investigation into the question of whether a suspension of 
operations at the two stations would lead to interruptions in 
customer service is considered unnecessary. 

In the context of an indefinite suspension of operations, or 
abandonment of the Bowline Point and Roseton generating stations, the 
economic penalties consid.r.d in connection with a teaporary suspen
sion of operations are inconsequential in comparison tQ·the current 
worth of the plants and the cost of replacement capacity. 
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C01llllent 19-125 

Utilities believe, therefore, that from a long-range planning 
point of view: 

1) The availability of actual reaerves will, in practice, 
closely approach the fundamental level required for 
reliability, and excess reserves will not be available 
for large purchases. 

2) The social implication of increased energy costs to 
consumers cannot be ignored in the evaluation of alter
nate electricity supplies to consumers. 

3) The relatively efficient and economical Roseton and Bowline 
plants are cost-justified and must be run for the benefit 
of the consumers and the improvement of the economic envi
ronment. 

4) Gas turbines are not a viable alternative for required 
base-load generation nor is the development of pumped 
storage facilities • 

Response 

Detailed responses have been given previously on the need for 
the Bowline Point and Ioseton Generating stations. 

COlDlllent 19-126 

As to the Roseton Plant and Central Hudson Participation: 

Load and capacity data used in the subject DES were largely 
drawn from the Long-Range Plan presented to the New York Public 
Service Commission in 1976. 'Ibis pla~ is updated annually and each 
year a formal presentation is made. 'Ibe 1977 Plan contains further 
modifications. In this iterative process, Central Hudson has made 
changes in its load and capacity program, but more importantly, in 
1977 has modified its agreement to participate in the ownership of 
Rose ton, responsive to the decline in its anticipated load. It is 
also important to be aware that as part of the Roseton Agreement, 
Central Hudson has agreed to purchase seasonal capacity -in specified 
amounts frOb the other owners of the plant. Roseton generation, 
therefore, constitutes a substantial share of capacity utilized to 
serve Central Hudson's customers. 
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The contention is made on page C-24 of the DES, that Central 
Hudson could maintain adequate/reserve margins through 1980 without 
Rose ton, except in 1978; and that in 1981 and beyoad, the contribu
tion from Roseton is required to maintain these reserves. 

Ib18 c01lteQtion 18 erroneou8 aUd 1li8leadina. • review J)f ~en
tral Hudson'. curr...ely .wp-proved load add capacity projection shows 
that, withoUt Roeeton, very,suhauDtial pneration deficiencies will 
occur in the Central Hudson system. Ibis erreDeOU8 conclu8io'n seem
ingly developed from a lack of understanding by the authors of the 
DES of the COlltraet purcha'" frOli ,Con Edison and Niagara Mohawk. 
These purdi.ses are lIasedon purchases of &08eton seneration through 
agreement with the otberowners of the Roseton Plant. The elimina
tion of Roseton for use by Central Hudson not only eliminates the use 
of itS 8hareof owae1'8hip in the plant, but the UM of its committed 
seasdnal purc::ba8.' fr·om the jOint tenants. ' The SWI of tbua two 
portions of Roseton generation, if reaoved frOlaCentralBudson' s load 
and capacity schedule, would produce extremely large deficiencies. 
It would be expensive for Central Hudson's consuaers if Central Hud
son had to purchase generation to make up for the loss of generation 
from Roseton. 

Response 

An examination of Central Hudson's long-range plans developed 
subsequently to the 1976 plan (New York Power Pool, 1977; 1918; 1979) 
confirms the observation made ill this ComJDellt that capabili ty Iche
dules including net capacity transactions among members of the New 
York Power Pool are modified periodically in response to updated 
predictions of peak load and other pertinent factors. Information on 
the 1976 plan given in Table C-4 in Appendix C of the DES indicates 
that net capacity transactions make up a considerable portion (20 
to 30 percent) of Central Hudson's total capability through the year 
1980. The data given appl1 •• ' to the winter months since predictions 
made at that time showed a somewba't htaher peak load occurriDl in 
winter than in the preced:lag s~r. 

Plans developed in later years show subatantivechanges from the 
1976 plan. The 1979, or latest plan indicates that the Central Hud
son system will be a net exporter of power in the winters of 1980-81, 
1981-1882 and. ·1982-1983 and that net purclla.s of power will make up 
14 to 25 perce1lt ,of Central. Hudson's total. capability in the .uaaers 
of 1979 through 1982 (New Y~rk Pover Pool, 1979). Projection now 
indicate that the systea will be sUlUler peald.na although the peak 
loads experienced each sua .. r will not be vastly greater than the 
peak load experienced during the following winter. 
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A part of Central Hudson's summer purchases of capacity will be 
from the Niagara Mohawk System (New York Power Pool, 1979) and could 
be derived directly from the Roseton Generating Station. Clearly, 
this capacity would no longer be available for purchase if the 
operation of the Roseton station were to be considered adequate for 
present purposes to assume that replacement capacity would be made 
available from other sources within the Pool. The major thrust of 
the present comment appears to be that electrical energy generated by 
the replacement capacity would be more costly than energy generated 
by the Roseton facility. This point has been discussed in response 
to previous comments. 

Comment 19-127 

Furthermore, the DES implies a similar situation at Bowline. 
If those units are removed from service, the apparent reserves drop 
drastically and any opportunity to purchase capacity would only be 
from old, inefficient units or from gas turbines. Such an alter
native, and its drastic economic impact on consumers in the Hudson 
Valley, is not worthy of suggestion. 

Response 

Responses to previous comments effectively address the point 
raised in this comment. 

Cpmment 19-128 

Generation planning by Central Hudson, in conformance with the 
target plan of the Power Pool, allows for the situation which would 
exist if units were delayed, thus recognizing one of the contingen
cies described previously. While the potential for excess capacity 
exists, reserve levels are believed to be within reason and to con
form to the Pool concept. 

Central Hudson, relying solely on oil fuel, must seek ways to 
minimize the economic impact of energy costs on its customers by 
reducing, to the extent possible, the cost of energy. The solution 
at hand is to operate the Roseton plant for the economic benefit ot 
its customers and, to the degree that it is able, to sell energy 
from this plant to other utilities facing higher production costs. 

Provision of capacity to meet load requires an analysis of the 
kind and character of generation facilities and their overall costs. 
One cannot simply add and subtract numbers on a load and capacity 
sheet and thereby arrive at a conclusion about overall society bene
fit. 
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Therefore, it is believed that the DES, through a misreading of 
available data, has reached. the the erron.ous conclusion that Ro.eton 
will not be required for the' benefit of custoaers aDd that substitute 
capacity may be secured from the Pool until 1981. A correct under- , 
standing and evaluation of the data should reach the opposite conclu
sion. 

The correct conclusions are: 

1) That Roseton is a more modern and efficient and less costly 
plant to run than many presently owned by the members of the 
Power Pool; 

2) That Roseton constitutes a substantial portion of the 
- installed capacity of the Pool and not running it will 

reduce the reliability of the Pool; 

3) That Roseton capacity forms a large portion of generation 
available to Central Hudson and, in the absence of Roseton 
capacity. Central Hudson would be forced to purchase large 
blocks of capacity and energy; 

4) That substitute capacity would be expensive relative to the 
operation of Roseton and would be a substantial economic 
burden on the consumers of the Hudson Valley; 

5) That Roseton capacity is some of the least expensive ca
pacity owned by Con Edison and must be run for its account 
to alleviate the costs of electricity in the metropolitan 
area; 

6) That Roaeton capacity and operation produces socio-economic 
benefits to a broad population and is particulary helpful 
to the custoaers of Central Hudson; and because of its re
latively lower fuel cost, Roseton should be run as much as 
economically possible to maximize its benefits. 

Response 

The.e conclusiOQ8 essentially s~rize the comments made previ
ously in connection with the need for the Roseton station. No fur
ther response is given here. 

Comaent 19-129 

As to the Bowline Plant and Orange and Rockland Participation; 
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In Appendix C, the Corps has superficially developed charts C-6 
and C-7 showing Orange and Rockland, Central Hudson and Con Edison's 
capacity and reserve generation with and without Bowline and Roseton 
capacity. These incorrect tables cannot be used when reviewing the 
present capability of the companies. In Table C-7, for example, the 
Corps indicates that Bowline accounted for 53.5% of the total energy 
of the Orange and Rockland system in 1975. This is far in excess of 
the percentage of the total Orange and Rockland generating capability 
represented by Bowline capacity. In 1975, Bowline generation con
sisted of 38% of the Orange and Rockland installed and contracted 
capacity. Thus, Table C-7 clearly shows that the generation from 
Bowline for the Orange and Rockland system is considerably in excess 
of the Bowline percentage of capability. Table C-6 is a superficial 
compilation which ignores the fact that the Bowline generation (in 
megawatt hours) to the Orange and Rockland system is considerably 
more than Bowline's percentage of capacity for the Orange and Rock
land system. This indicates that Bowline is a base loaded, highly 
efficient generation source for Orange and Rockland, and that it 
cannot be simply ignored and deleted from Orange and Rockland 
capability without serious economic and electrical consequences. 

Response 

Tables C-6 and C-8 (not Table C-7) in Appendix C of the DES 
provide information on the reserve margins of the contribution of the 
Bowline Point and Roseton generating stations. The conclusions drawn 
from this information and set forth in Chapter 6 and Appendix C of 
the DEIS are that Orange and Rockland would be unable to maintain 
adequate reserves over the decade 1976 to 1985 without the Bowline 
Point Station, as would Central Hudson and Niagara Mohawk without the 
Roseton station. On the other hand, reserve margins in the larger 
Con Edison system as well as the New York Power Pool evidently could 
be maintained at acceptable levels over the same period with the loss 
of either the Bowline Point or the Roseton stations. It may be well 
to note that minor corrections have been made in the third paragraph 
of page C-24 of the PES to give a more accurate representation of the 
data contained in Table C-8. 

Specific conclusions drawn from Table C-7 which relates to the 
Bowline Point Generating Station, are set forth in the first para
graph on page C-24 of the DES. Among these is the statement that 
in 1975, energy generated by the Bowline Point station represented 
53.5 percent of the total energy generated by the Orange and Rockland 
System while capacity derived from the Bowline Point station repre
sented 39 percent of the systems total capability and 44 percent of 
its base load capability 
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As indicated in responses to previous comments, there is no 
explicit statement in the analysis nor any intent to imply that 
the operation of the Bowline Point station could be suspended with
out economic penalty. With respect to interruptions in customer 
service, it is assumed in the analysis that resources available to 
the New York Power Pool would be made available to avert serious 
consequences. 

Comment 19-130 

The substitution of alternate sources of generation to replace 
prime energy that is suga4.sted here and elsewhere in the DES (Chap
ter 6) would have substantial economic impacts on Orange and Rock
land's customers. The fact is that the production cost of Bowline 
generation is the lowest iu Orange and Rockland's system (after 
purchase of a small megawatt increment from the Fitzpatrick Nuclear 
Plant). Therefore, Bowline runs first and longest and would be the 
last to be taken off in a production operation. Any suggested oper
ating mode of."last on, first off' would result in unjustifiable cost 
penalties to Orange and Rockland's customers. 

Response 

The "last-on-first-off" mode of operation of the Bowline Point 
Generating Station is considered in the context of possible restric
tions that might be imposed on the operation of the station. For 
reasons stated in the DES, it is impossible, at present, to estimate 
with any degree of certainty the net advantages that the aquatic 
ecosystem would derive from restrictions of this type. As indicated, 
there would be monetary and energy penalties attendant to restric
tions on the operation of the generating station. 

Comment 19-131 

The development of Tables C-6 and C-8 completely ignores the 
fact that each company has different daily, weekly, monthly and 
annual load factors; that each company has varied components of 
existing generation; that all companies are not allowed to burn oil 
with the same sulfur content; that each company has varied incre
mental production costs; and that each company has varied generating 
unit minimum load constraints due to indivudual system conditions. 
The only appropriate way to evaluate alternate generation expansion 
plans is through the systematic analysis of the entire electric 
system and sensible alternate plans. 
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Response 

Tables C-6 and C-8 constitute only a part of the analysis of thE! 
need for the Bowline Point and Roseton Generating Stations. Varia
tions in load and other pertinent factors are considered to the ex
tent necessary to characterize (1) the benefits associated with the 
continued operation of the stations, (2) the costs associated with a 
suspension of operation of either station and (3) the benefits to the 
aquatic ecosystell of the Hudson River Estuary stemming from. the 
expansion of operation of the stations. As discussed in previous 
cOllDlents, these benefi ts to the aqua tic ecosys tea, referred from 
the analysis related to striped bass are taken to be negligible if 
the suspension is temporary and saall if the effects of a permanent 
suspension, or abandoment, of the stations are compared with the 
effects of operating the stations with closed cycle cooling. 

COlDllent 19-132 

The correct conclusions are: 

1) It is totally untrue that the simple elimination of Bowline 
and Roseton from the capacity of the companies involved has 
a negligible effect on their capacity and energy capabili
ties and their ability to meet their loads. 

2) The proposed elimination of Bowline and Roseton from the 
capacity of the companies involved is a gross oversimpli
fication and ignores the fact that these plants are base 
loaded, low cost generation and that the elimination of 
their capacity would have a major impact on the capacity 
of the utilities involved. 

3) The installation of gas turbines in the magnitudes suggested 
would not be an economic alternative to continued operation 
of Bowline for Orange and Rockland. Orange and Rockland has 
developed a generation expansion plan which allows for the 
installation of some gas turbine capacity in later years to 
meet deficiencies. This will result in a favorable basel 
peaking mix. However, the premature installation of ·gas 
turbines would preclude the achievement of an economic 
generation mix and result in economic penalties. 

4) Technically, the substitution of peaking generation units 
for base load units ignores the realities, both of the 
long-term operating conditions of the two types of units 
and of system requirements for energy. 
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Response 

These conclusions essentially sUll1l8rize previous cOll1lents and 
no further response is given here. 

CODllllent 19-133 

In addition to the erroneous and misleading conclusions reached 
by the Corps regarding the planning for and operation of t'e8e plants, 
a comment appears on page 0 ... 31 of the DES (lnt line, double asterisk) 
concerning the review of sites along the Hudson River by the Power 
Authority of the State of New York, which concluded that "closed-cycle 
cooling was found to be a prerequisite in all nine cases" .. 

Utilities do not -believe that this "conclusion" should in any way 
influence the subject case for the following reasons: 

1) The studies were not made with the depth of data which has· 
become available in the subject case; 

2) The economic parameters utilized by the Pover Authority are 
different from those used by the companies involved in this 
case; costs incurred hy the Power Authority do not have the 
same impact on customers as do costs of investor-owned 
utilities. 

3) Several of the sites listed are not, by any means, equiv
alent to Roseton or Bowline in water availability. In fact, 
some are inland from the River, which in itself precludes 
the use of once-throuah COOling. Some are adjacent to 
shallow water, while others are in the northern reaches of 
the River where sufficient water does not exist to support 
once-through cooling. 

The insertion of this reference i8 gratuitous and not germane to 
this case. Purthe l'IIlOre, the selection of a conclusion out of context 
is deceptive. This statement seems intended to bias the reader's 
thinking and should not be part of the environmental impact statement 
unless all of the facts which tlictated the selection of closed-cycle 
cooling at the proposed Power Authority sites are also presented and 
shown to be equally applicable to loseton and Bowline. 

Response 

The second footnote on page C-3l of the DES has been deleted. 
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Comment 19-134 

Utilities take issue with the degree and nature of contribution 
of striped bass to the Atlantic fishery suggested on pp. D-9 to D-I0 
(for more complete information, see McFadden, 1977 at Section 7.10). 

Response 

This discussion has been modified in the PES to include the 
results reported by McFadden (1977). 

Comment 19-135 

- Third Paragraph under Air Quality, page S-5 of Appendix E of the 
DEIS. The cooling towers determined to be appropriate by Central 
Hudson if cooling towers are for Roseton have a height of 390 feet 
above base elevation Which is approximately 80 percent of the height 
assumed in the DES analysis. A modeling analysis utilizing the speci
fied tower characteristics as to height and emission rates, conducted 
for Central Hudson, indicates the potential for ground level, cooling 
tower induced fogging during about 85 hours in a year When meteorolo
gical conditions correspond to those experienced in 1975. This analy
sis is included in the evidentiary material submitted to EPA Region II 
on July 11, 1977. A copy of this analysis has been furnished to the 
Corps (Central Hudson, 1977b). 

Response 

The correct cooling tower parameters have been used in the FEIS. 

Comment 19-136 

Last Paragraph under Air Quality, page S-6 of the Appendix E of 
the FEIS. The DES analysis assuaed cooling towers approximately 30 
percent higher than those specified for Roseton. In addition, the DES 
analysis assumed salinity levels (100 - 800 ppm) in the cooling tower 
makeup water, Which are apparently meant to be representative of an 
average year when the salt front is well south of Roseton. During 
drought years the salt front moves north of Roseton and River 
salinities as high as 2,600 ppm have been observed under such 
conditions. Use of the lower tower height and the higher salinities 
representative of drought years would result in substantially higher 
indicated salt deposition rates. 
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Response 

The correct cooling tower parameters and drought year salinities 
have been used in the PElS. ' 

Comment 19-137 

The circulating water pumps discharge into a 12-ft.-square 
chamber, not a 9-ft.-square chamber as stated on page 3-8 in Appendix 
E of the DElS. 

Response 

Comment noted. 

Comment 19-138 

The flow rate should be 1428 cfs, not 1462 cfs as stated on page 
3-14 of Appendix E of the DEIS'. 

Response 

Comment noted. 

Comment 19-139 

The maximum gross generat10tt of Danskammer on oil firing (the 
case since 1971) is 494 megawatts, not 530 megawatts as stated on page 
D-l of Appendix E of the DEIS. 

Response 

Comment noted. 

Comment 19-1«) 

The maximum generation for the total Roseton power plant was 
approximately 603 gross megawatts (not 110 megawatts as stated on page 
D-2 of Appendix E of the DElS) during the entirety of the two simula
tion periods. However, the assumption that both units were never in 
operation at the same time is correct. 

Response 

r.omm~nt noted. 
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NATIONAL AUDUBON SOCIETY 

C01llllent 20-1 

Our position is one of total support for the findings and con
clusions of Oak Ridge National Laboratory. Their analysis of work 
done by any number of environmental consulting firms shows that too 
many of these companies have done inadequate work on the Hudson. 

The tragedy here is that the utilities have accepted this work as 
being the final word. Environmental groups have long maintained that 
studies done on the river under contract to the utilities were, by 
their very nature, flawed. 

Response 

A discussion of the adequacy of the data presented by Utilities 
regarding entrainment, impingement, and long term impacts to fish pop
ulations begins at paragraph 4. • This discussion summarizes the 
work of Oak Ridge National Laboratory as well as other consultants to 
the U.S. Environmental Protection Agency. 

Comment 20-2 

An example of OINL' s thoroughness can be found in their critique 
of work done by LKS (ORNL/TM-5877/U2 page S-8 Section S.3.5 para. 3). 
No coalition of environmental organizations could have funded such a 
study as this (ORNL). 

Response 

The analysis presented in the document cited, which was repro
duced as part of Appendix E in the Draft Environmental Impact State
ment, has been superceded by additional analysis carried out by the 
Oak Ridge National Laboratory and other consultants to the U.S. 
Environmental Protection Agency since the publication of the Draft 
EIS. The findings of these new analyses have been incorporated into 
the Final Environmental Impact Statement. 

Comment 20-3 

We ask that you support the findings and conclusions of the Oak 
Ridge National Laboratory. 
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Response 

The Corps of Engineers will consider all relevent information in 
determining the appropriate decision regarding the points at issue. 

NATURAL RESOURCES DEFENSE COUNCIL, INC. 

Comment 21-1 

The DEIS properly points out that even with sophisticated com
puter modeling the decision that DUst be made still revolves around a 
policy determination of how much risk to the fishery should the public 
be req~ired to take. 

Response 

A discussion of the adequacy of the data available for de
termining the impact to the fishery begins at paragraph 4. • 

Comment 21-2 

The decision, then, comes down to a judgment by the Corps of 
risk. Will the Corps of Engineers accept the risks presented by the 
power plants, plus other likely water withdrawals, when alternatives 
exist which, although costly, are yet well within the financial 
ability of utilities? 

Response 

The Corps of Engineers must consider all reasonable alternatives 
in determining the appropriate decision regarding the intake permits 
at issue. 

Comment 21-3 

The Draft EIS's major deficiency is its failure to propose a de
cision or state a criteria for decision. While we understand this 
procedure is perhaps sanctioned by CEO guidelines, it is unfortunate 
that in a case of such complexity the Corps did not present for public 
comment a proposed decision as well. 

Response 

An environmental impact statement is not the decision document 
itself, but rather is a neutral disclosure document of environmental 
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impacts associated with a proposed action. Environmental impacts are 
then considered along with other relevant factors in the decision 
process. Corps of Engineer regulations presently prevent the stating 
of a decision in the impact statement. 

Comment 21-4 

The Utilities expressly agreed and accepted their construction 
permits on their agree1lent that the plants were to be constructed at 
thier riSk and that there should be no consideration in the EIS of the 
fact that the plants were already constructed. The DEIS cost analysiS 
is therefore incorrect when it shows retrofit costs, shutdown costs, 
inflationary costs, and the like. The Corps must examine costs solely 
as if the plants were not built and as if the cooling towers were part 
of a new plant. 

Response 

The analysis of impacts must describe the actual costs associated 
with the construction of cooling towers at Bowline and Roseton. Since 
such construction would require retrofitting the power plants as now 
operating, the analyses cannot pretend that such is not the case. It 
is true, however, that the Utilities accepted the risk that, should 
cooling towers be required in the future, their costs would be con
siderably greater. 

Comment 21-5 

The court order commands a decision for both Bowline Point and 
Roseton. The Corps cannot delay its decision. 

Response 

The Corps of Engineers will make a decision in accordance with 
the schedule required by the court. 

.. 

Comment 21-6 

Because the utilities are vigorously contesting cooling towers at 
all sites, on legal as well as factual grounds, and because the Corps 
cannot discount the possibility that the utilities will be successful, 
the Corps can consider only the worst case in evaluating risk. 
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Response 

A worst case approach has generally been used in the analyses in 
the FEIS. 

Comment 21-7 

The action being considered by the Corps is the granting or a 
permit to allow construction of intake and discharge structures re
lated to two power plants. HRFA does not oppose allowing the neces
sary construction but vigorously contends that adequate and available 
means to mitigate the volume of water withdrawals must be imposed. 

Response 

Comment noted. The Corps of Engineers will consider all relevant 
information in making its decision. 

Comment 21-8 

There is a substantial rilk that the adult striped bass popula
tion will be reduced by more than half if Hudson River plants con
tinue to operate as they do at present. 

Response 

Material submitted by the u.s. Environmental Protection Agency 
as testimony in the on-going adjudicatory hearings indicates that 
available data are generally inadequate to predict long-term impacts 
to adult fish populations (see discussion beginning at paragraph 4.). 

Comment 21-9 

Although there are huge gaps in the knowledge of effects upon 
other species, the available information is highly suggestive that the 
harm to certain species will be even greater than the harm to striped 
bass. 

Response 

See response to comment 21-8. 
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Comment 21-10 

Compensation by the fishery has not been shown and, as evaluated 
by Oak Ridge, could not possibly be of the magnitude suggested by the 
utilities. Furthermore, there is no evidence that other means of 
mitigating the harm to the fishery are effective. 

Response 

Compensation has not been clearly demonstrated in the fish popu
lations of the Hudson River (see paragraph 4. ). Other means of 
reducing entrainment and impingement are possible, but studies of 
their effectiveness have not been carried out on the Hudson River (see 
Chapter 6). 

Comment 21-11 

The DEIS does not clearly state what is the proposed action for 
which it has been drafted. 

Response 

The actions available to the Corps of Engineers are (1) to retain 
unaltered the present permit and related conditions, (2) modify the 
permit through the imposition of additional conditions, (3) suspend 
the permit, or (4) revoke the permit (see paragraph 6.01). 

Comment 21-12 

It is one thing to ask, as the DEIS does, whether it is justified 
to compel the utilities to spend $100 million each for cooling towers. 
It is quite another to ask, in connection with allowing the construc
tion of of beneficial power-generating plants costing $250 million 
each (with a replacement value of $1 billion each), whether the Corps 
is justified in requiring the owners to minimize environmental risks 
by restricting the volume of water intakes. The manner in which the 
issue is phrased in the the DEIS suggests that the only concern is 
additional restrictions rather than minimizing impacts in connection 
with granting the overall application. 

Response 

The duty of the Corps of Engineers is to evaluate the impacts as
sociated with the operation of the Bowline Point and Roseton Generat
ing Stations in conjunction with other power plants on the Hudson 
River. The decision of the Corps must be that which best serves the 
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public interest. The options available to the Corps in deciding on 
the appropriate action to take on the permit request for placing of 
cooling water intake structures in navigable waters have been given 
above in the response to Comment 21-11. 

Comment 21-13 

The need to minimize withdrawals of water is established in the 
showing of the severe environ_ntal risks in the DEIS. This is so 
even with the DEIS's failure to quantify even minimally the risk to 
the fishery from once-through cooling. 

Response 

The Corps of Engineers disagrees that no attempt has been made in 
the EIS to quantify the risk to the fishery. The difficulty in carry
ing out such an analysis has been discussed beginning at paragraph 4. 

Comment 21-14 

The Corps should allow the permit, but condition the construction 
to limit the water withdrawals in order to minimize the substantial 
environmental impacts of the impingement, entrainment, and thermal 
discharge. 

Response 

Comment noted. 

SAVE OUR STRIPERS, INC. 

Comment 22-1 

Computer modelling: Computers are excellent tools but they only 
do what the human programmer tells them to do. All model projections 
should be considered suspect because in most cases the data are from 
only two years. The model fails to account for peaks and valleys in 
the cycles and in most cases the model did not take into considera
tion all the plants that affect the species. 

Response 

The Utilities Real-Time Life Cycle model and the U.S. Environ
mental Protection Agency Empirical Transport Hodel include the effect 
of all power plants that have the largest potential for effecting 
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striped bass eggs, larvae, and juve·niles. The utilities model in
corporates stochiastic model events into the model. A discussion of 
the usefulness of these modeling efforts begins at paragraph 4. 

Comment 22-2 

The two major problems are Indian Point and Bowline. Insisting 
that these two have closed-cycle cooling systems would solve the bulk 
of the problem. 

Response 

Comment noted. 

Comment 22-3 

The independently sought data points in the direction of closed 
cycle cooling in one form or another. Dry cooling seems to be im
practical for large plants, but evaporative systems would seem to do 
well. We believe that on the strength of existing evidence some form 
of closed-cycle cooling system for Bowline and Indian Point is abso
lutely necessary. 

Response 
\ 

The environmental impacts of use of evaporative cooling towers is 
discussed in the YES beginning at paragraph 4.85 • 

Comment 22-4 

As much thought should be given to the protection of other 
species and habitats in the Hudson as you have for the striped bass. 
Sections two and four show that power plants are affecting wetlands, 
plankton productivity, and other fish such as anchovies which may have 
an effect on total food supply available for striped bass. (Sections 
2-33, 2-56, 2-58, 4-110, 4-57, 4-64, 4-66, etc.) 

Response 

Total loss of wetland areas from construction of existing power 
plants is not known, but 60 acres were filled in construction of 
the Bowline station (see paragraph 4.112 of the FES). Impacts to 
phytoplankton productivity are expected to be slight (see paragraph4. 
1630f the FES). Presently available data on impacts to white perch, 
Atlantic tomcod, American shad, Blueback herring, and shortnose 
sturgeon are discussed be.ginning at paragraph 4. 173 of the FES. 
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Comment 22-5 

Texas Instruments studtes comparing the :relative contributions of 
the Hudson River and Cheasapeake Bay to the Atlantic fishery should 
not be used as an argument to attempt to dismis8 the Hudson River's 
contribution as unimportant. Chesapeake production has been excep
tionally poor since 1970. In this light the Hudson's contribution is 
of vast importance. 

Response 

A revised analysis of the contribution of Hudson River striped 
bass to the Atlantic fishery is given in the FES beginning at para
graph 4. 242 • 
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CHAPTER 1: INTRODUCTION 

Power plants use large volumes of water for condenser cooling. Many employ 
once-through cooling systems that involve heat transfer to cooling water 
which is returned to the source waterbody. Debris and macroorganisms are 
filtered from cooling water with rotating (traveling) screens at the plant 
intake. Most traveling screens are O.953-cm bar mesh and are usually held 
stationary for various time periods prior to cleaning but can be continu
ously rotated depending on accumulation of impinged material. Small fish 
(30-150-mm TL) commonly are among those organisms impinged. The potential 
for impingement mortality loss and resultant effects on recruitment to adult 
stocks is an important fisheries resource issue (DeAngelis et ale 1977; Han
son et ale 1977; Van Winkle 1977; Van Winkle et ale 1978). Most published 
studies dealing with impingement have addressed estimations of the number 
of fish impinged (Grimes 1975; Mathur et ale 1977), but little information 
exists in the published literature concerning survival of impinged fish. 

The studies described in this report were designed to assess survival of 
impinged fish and determine the intake screen operating mode which maximized 
fish survival. The effects of impingement on fish survival were studied in 
relation to screenwash pressure and hold time between screenwashes. These 
studies were also used to evaluate the effects of selected physicochemical 
variables an fish survival following impingement. 

The studies presented in this report were conducted during seasons of peak 
impingement (late fall to early spring) from December 1975 through May 1978. 
Emphasis was placed on young-of-the-year and yearling (30-150-mm TL) white 
perch, which were the most abundant taxon (Table 1-1). Less numerous spe
cies (striped bass, Atlantic tomcod, blueback herring, rainbow smelt, and 
hogchoker) were studied when sample size was sufficient. Impingement of 
fish older than yearlings was so infrequent that sample sizes were insuffi
cient to evaluate survival. 

Portions of the data base evaluated in this report have previously been pre
sented in Ecological Analysts, Inc. (1977), Orange and Rockland Utilities 
(1977), and King et ale (1978). Quality control of the entire data base 
indicated that minor numerical differences occurred among the various final 
reports. The corrections to the data are identified in Appendix E. These 
changes were the result of errors in the original hand tabulation of the 
data prior to computerization of the final data base. 
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TABLE 1-1 THE FIVE MOST ABUNDANT TAXA IN IMPINGEMENT COLLECTIONS 
AT THE BOWLINE POINT PLANT! 1973-1977(a) 

Year(b) 
Species 1973 1974 1975 1976 1977 

White perch 59.2 70.0 66.9 86.2 62.0 
Striped bass 5.~ 15.8 12.1 6.9 8.5 
Rainbow smelt __ c) 2.4 14.6 3.7 14.8 
Blueback herring 15.1 3.6 2.9 0.8 
Gizzard shad 1.1 0.7 10.3 
Alewife 3.4 4.6 
Atlantic tomcod 10.8 1.1 
Others(d) 5.6 3.6 2.4 1.7 3.3 

(a) Adapted from LMS 1978, 1977, 1976, 1975, and 1974. 
(b) Data presented for period during which survival studies 

were conducted, January through April and November and 
December. 

(c) Dash indicates less than 1.0 percent. 
(d) No species included in this category constituted more than 

1.0 percent of the collection. 



CHAPTER 2: SUMMARY 

Impingement studies conducted at the Bowline Point Generating Station from 
late 1975 through early 1978 indicated that initial survival of white perch, 
striped bass, Atlantic tom cod , and hogchoker was between 85.1 and 100 per
cent. Initial survival of white perch and striped bass generally increased 
with decreasing time between screen washes; the effect of screenwash mode was 
more pronounced for blueback herring and rainbow smelt. Atlantic tomcod sur
vival was more than 98 percent for all operational modes. 

Extended survival of white perch and striped bass exhibited a strong influ
ence of season as well as a significant effect of screen operation mode, simi
lar to that noted for initial survival. Survival for both species was lowest 
during winter and highest during fall; during early spring, survival increased 
over the winter low. This depression of survival during winter appeared to 
be related to the additional stress of low water temperatures. Few rainbow 
smelt (1.5-3.8 percent) and no blueback herring survived through the 108-hour 
holding period. 

Control tests indicated that mortality related to handling and collection 
increased with duration of exposure to the collection net. It was apparent 
that a considerable portion of the mortality observed among impinged fish dur
ing the holding period resulted from collection, handling, and holding. 

Consequently, in order to assess the impact of impingement at the Bowline 
Point Plant it is necessary to adjust the extended survival values to account 
for control mortality and latent impingement effects. Estimated impingement 
survival for white perch (expressed as a percentage) under various intake 
traveling screen modes, was: 

Intermittent 
Continuous Screenwash 

Season Screen wash (4-hr hold) 

Fall 97.4 13.9 
Winter 44.7 4.0 
Spring 77.9 21.0 

It is expected that striped bass impingement survival would be similar 
to that for white perch. 

The extended survival of impinged fish was influenced by water temperature 
and conductivity. The presence of higher conductivity values in the vicinity 
of Bowline Point enhanced survival of white perch and striped bass; however, 
this enhancement was suppressed at low temperatures. Below 4.5 C survival 
was directly related to temperature, and below 3.5 C survival did not exceed 
30 percent for impinged or sampling control fish. 
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CHAPTER 3: SITE DESCRIPTION 

3.1 THE WATERBODY 

The Bowline Point Generating Station is situated on the west bank of the Hud
son River estuary, approximately 60 km north of the southern tip of Manhat
tan. The river in this area is at its maximum width and characterized by a 
relatively narrow shallow channel and wide shoal areas bordering both shores. 

Flow rates in the estuary (5,000 m3/sec) are controlled predominantly by the 
tides. Salinity in the vicinity of the plant generally ranges from near zero 
to approximately 8 ppt. Seasonal trends are primarily controlled by the 
freshwater discharge fram the watershed, which ranges from about 175 m3/sec 
in summer to 1,750 m3/sec in spring. During perods of low runoff, the salin
ity in the vicinity of the plant may fluctuate rapidly in response to the 
tide. 

3 • 2 THE PLANT 

The plant consists of two oil- or gas-fired steam electric units, each with 
a net generating capability rating of 600 MWe and a maximum gross capability 
of 622 MWe. Unit 1 began commercial operation in September 1972 and Unit 2 
began commercial operation in May 1974. 

Each unit has a separate once-through cooling water system that transfers 
waste heat fram the condensers to the Hudson River. Water for condenser cool
ing is withdrawn from a small embayment of the estuary known as Bowline Pond 
and is returned directly to the Hudson River through an offshore jet diffuser 
(Figure 3-1). Bowline Pond has a surface area of 490,000 m2 and is generally 
shallow, with a maximum depth of 12-15 m. 

The cooling water intake structure is 43 m wide, about 
level, and consists of six bays, three for each unit. 
mately 5 m wide and equip~ed with a vertical bar trash 
eling screen, and a 700-m3/min circulating water pump. 
pumps for each unit can be operated individually or in 

8 m deep at mean water 
Each bay is approxi
rack, a vertical trav-
The three circulating 

combination: 

Number of 
Pumps Opera tiI)g 

Total Flow (a) 
m3/sec (gpm) 

Intake Approach 
Velocity 

m/sec (fps) 

3 
2 

2 (throttled) 

(a) At mean water elevation. 

24.2 (384,000) 
20 .0 (3 16 , 000 ) 
16.2 (257,000) 

0.23 (0.77) 
0.18 (0.59) 
0.15 (0.49) 

Typically, two pumps are operated per unit at either throttled (140 x 
104 m3/day) or full (172 x 104 m3/day) flow. 
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3.3 TRAVELING SCREENS AND FISH COLLECTION SYSTEM 

Fish and debris that pass through the bar racks and are impinged on the trav
eling screen (Figure 3-2) are removed by a pressurized washwater system, 
rinsed into a sluiceway, and returned to Bowline Pond. During these tests 
the screens were rotated on a continuous basis or on an intermittent schedule 
with either a 2-hour or 4-hour hold: 

Duration (minutes) 
Mode Stationary Hold Wash Rotation 

Continuous None Continuous 

Intermittent 2-hour 100-110 10-20 

Intermittent 4-hour 220 20 

The traveling screens are equipped with low-pressure and high-pressure spray 
headers spaced 30 cm apart vertically on the front face near the upper end of 
the screen. As the traveling screens rotated, impinged fish and debris were 
first exposed to the low-pressure spray system operated at 0.7-2.74 kg/cm2 
(10-39 psi). Debris or fish that remain on the traveling screens are subse
quently exposed to the high-pressure spray system operated at 2.81-4.22 
kg/cm2 (40-60 psi), to ensure maximum screen cleaning. The high-pressure sys
tem can also be operated independently. The washwater sluiceway slopes into 
the impingement collection pit (Figure 3-3). A baffle system in the collec
tion pit retains large pieces of debris while organisms are returned to the 
pond through the screenwash discharge pipe. 

The impingement collection pit was the primary collection area used for im
pingement survival studies. In order to retain impinged organisms, the col
lection pit was fitted with a 9.5-mm-bar-mesh steel basket. This basket pro
vided support for the collection apparatus, which consisted of two knotless 
nylon bag nets (1.3-cm-bar mesh) suspended between two aluminum poles and a 
frame, which fit tightly into the steel mesh basket. 

3.4 EXTENDED HOLDING FACILITY 

Impinged and control fish were observed for extended survival in an ambient 
water flow-through facility supplied with water from Bowline Pond. The flow 
provided water at a rate equal to the volume of the holding facility every 
6 minutes. A series of tanks with standpipe drains were set up either in 
the lab or outside, depending on the season and weather conditions. The 
tanks served as receptacles for flow-through holding containers (60 x 45 x 
30 cm) in which the side panels were replaced with 1.5-mm nylon mesh screens 
to permit circulation of water. In an attempt to reduce holding stress dur
ing clupeid studies, these fish were placed in 382-liter cylindrical tanks 
(90 cm diameter x 60 cm deep). These tanks qad darkened interiors, were 
equipped with stand-pipe drains, and were supplied with ambient water to 
establish a directed circular flow. All species collected were held in the 
cylindrical tanks in 1978. 
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CHAPTER 4: METHODS AND MATERIALS 

The field procedures used were generally similar throughout the entire 4-year 
study and are described below. However, occasional modifications in sampling 
and holding procedures were instituted as a result of changes in the study ob
jectives or in an effort to reduce the effects of collection, handling, and 
holding stress. These modifications are summarized in Appendix A. 

4.1 SCREEN SURVIVAL COLLECTION PROCEDURES 

Prior to each sampling effort, the water level in the collection pit was ad
justed to fill, but not overflow, the steel collection basket and collection 
nets. Screens were cleaned with a 30-minute prewash and all fish and debris 
were discarded. Following the prewash collection, empty collection nets were 
inserted in the steel basket and either the screenhold period for intermittent 
operation or the wash for continuous operation was initiated. During contin
uous screenwash samples, the collection nets were emptied and replaced at 30-
minute intervals depending on the number of fish and amount of debris present. 
For intermittent wash modes, the nets were removed at the end of the 10- or 
20-minute wash period. 

Fish were sorted at the intake immediately after the collection nets were re
moved from the screen basket. The nets were placed in a water-filled trough 
near the collection pit. All live and stunned. fish were removed, identified, 
and placed in 81-liter transport containers filled with ambient water. Dead 
fish were then identified, measured, and preserved. 

Live and stunned fish were transported to the holding facility and transferred 
into separate screened flow-through holding containers. The number of fish 
held in an individual container depended on the size of the fish: from 20 
to 35 young of the year (Table 4-1) or from 5 to 15 yearling and adults. 
After the fish were sorted, the holding containers were partially covered 
to reduce unnecessary disturbances to the fish. 

Fish were observed at intervals after collection to evaluate latent effects 
associated with impingement. Between December 1975 and November 1976 the ob
servations were made at 6, 12, 24, 48, and 96 hours; beginning in December 
1976 they were made at 6, 12, 36, 60, and 108 hours. An observation made 
at 96 or 108 hours will be referred to as the 108-hour observation wherever 
pooled data are used in this report... All dead fish observed at each obser
vation interval and any fish alive at the final observation were removed, 
identified, measured, and preserved. 

• Live: swimming vigorously, no orientation problems; 
Stunned: swimming abnormally, struggling, no movement except in response 

to gentle probing; 
Dead: no vital life signs; no body or opercular movement, no response to 

gentle probing. 

•• The survival curves generally leveled off between 36 and 60 hours, and 
differences in survival between 96 hours and 108 hours were negligible 
(see Section 6.2). 
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TABLE 4-1 LENGTH GROUPS AND YEAR CLASS CATEGORIES USED DURING 
IMPINGEMENT STUDIES AT THE BOWLINE POINT PLANT, 
1975-1978 

Class Category(a) 
Length Group 

Species Period Year (mm) 

White perch NOV-DEC YOY 30-123 
Y+ >123 

JAN-MAY Y <123 
Y+ >123 

Striped bass NOV-DEC YOY <125 
Y+ >125 

JAN-MAY Y <125 
Y+ >125 

Atlantic tomcod NOV-APR A > 77 

Blueback herring OCT-DEC YOY < 74 
Y 74-115 

Alewife OCT-DEC YOY < go 
Y 90-160 

Rainbow smelt FEB-APR Y <100 
A >100 

(a) YOY = young of the year; Y = yearling; Y+ = yearling and older; 
A = adult. 



Plant operating conditions, tide conditions, and water physicochemical parame
ters were monitored periodically throughout each sampling effort. Plant and 
tidal data recorded include number of operating circulator pumps and travel
ing screens, screenwash pressures, tide height, and tide stage. Water chemi
cal parameters were obtained from Bowline Pond (middepth), near the middle of 
the Unit 1 portion of the intake structure, and in the holding facility for 
each extended survival observation. Temperature, dissolved oxygen, pH, and 
conductivity were monitored using a Martek MK-V. The back-up units used if 
the Martek malfunctioned were the YSI S-C-T Model 33 (temperature and conduc
tivity), the Port-Matic Model ILI75 (pH), and the Winkler titration (dis
solved oxygen). 

4.2 CONTROL TEST PROCEDURES 

Control tests were conducted to determine the mortality associated with sam
ple collection and holding stresses. Fish for use in control tests were col
lected with trawls (1-2 minute duration), and from the intake screens (when 
severe ice conditions prevented river collections). To reduce the effects 
of collection and handling stress, control fish were maintained in 2-4 ppt 
saline water for 2-4 hours follOwing collection. Fish used as controls were 
obtained 48-72 hours prior to impingement survival sampling. 

Control test runs were generally conducted before the start of a series of im
pingement sample collections. To prevent impinged fish and debris from enter
ing the impingement collection pit during the control tests, knotless nylon 
bag nets (1.5-mm bar mesh) were used to block the sluiceway on each side of 
the impingement collection pit. A piece of hardware cloth (6-mm) fit across 
the flow of water entering the impingement collection pit to further filter 
the screenwash water. 

Immediately before each control run, 25-50 fish were transferred from the 
holding facilities to the impingement collection area. During peak impinge
ment in 1975 and 1976, these control fish were given a caudal fin clip. to 
differentiate them from impinged fish not retained by the sluiceway barrier 
nets. 

The fish were gently introduced to the screenwash flow entering the impinge
ment collection pit to initiate a sample and were held in the collection net 
for various time intervals up to 30 minutes to evaluate the effects of han
dling and collection with respect to exposure time. Control tests were run 
for 1, 10, 15, 20, and 30 minutes, which reflected the range of durations 
that impinged fish may be subjected to the collection gear during normal 
screen operation. At the termination of a control sample, the collection net 
was removed and placed in the sorting trough and a second collection net was 
placed in the impingement collection pit. The sluiceway barrier nets were 
then removed; fish collected in the barrier nets were not held for survival 
observation. Sorting, holding, and monitoring procedures for control fish 
were the same as those used for impinged fish. 

• A small portion of the ventral lobe of the caudal fin was removed with a 
paper hole punch. 
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Holding control tests were conducted periodically to evaluate the effect of 
the holding facility on survival. Holding control fish, numbering from 25 
to 50, were transferred to flow-through sample containers to be observed for 
extended survival at the same intervals as impinged and control fish. 

4.3 QUALITY ASSURANCE 

Quality assurance measures included (1) onsite training, and (2) use of stan
dard operating procedures. During sampling, the crew used a field notebook 
package that included standard operating procedures for the impingement sur
vival studies. A reference collection and various dichotomous fish identi
fication keys were also available to aid in the identification of impinged 
fish. Color-coded labels were used for extended survival observations to 
clearly distinguish holding containers and jars. Measuring boards and size 
classification guidelines were used to classify test fish into length groups. 

At the termination of the extended survival observations, each jar of pre
served fish was checked to ensure that the label and contents were the same 
as the data recorded on the corresponding data sheet. 

4.4 ANALYTICAL METHODOLOGY 

In order to evaluate the effects of screenwash mode on fish survival, the 
data were partitioned into seasonal groups based on previous survival data 
collected by LMS (1976) and graphical inspection of the EA data base. The 
winter season, when survival appeared to be lower, was separated from late 
fall and spring. The breakdown was as follows: 

Month Group Season Characteristic 

November-December Late fall Water temperature decreasing 

January-February Winter Water temperature stable and low 

March-April Spring Water temperature increasing 

Within each seasonal grouping, weighted mean survival for the various screen
wash modes was calculated by pooling the individual samples for each mode. 
The following equations were used to calculate initial and extended survival: 

and 

initial survival = ____ ~~n~o~.~l:i~v~e~+~no~.-s~t~u=n~n~e~d~~-
no. live + no. stunned + no. dead 

extended survival = no. live* + no. stunned* 
initial no. live + initial no. stunned 

The chi-square test (Fleiss 1973, pp. 92-96) was used to detect significant 
differences between survival proportions. This test was used to evaluate 

* Number at time of observation. 
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survival with respect to screenwash pressure, screenwash mode, season, and 
duration of control collection hold. The chi-square test initially applied 
to the data was calculated according to the following equation (Fleiss 1973, 
p. 93): 

m 
X2 = 1 L n· • (Pi _ p)2 

P q i=1 l. 

When the calculated X2 value was significant at a = 0.05, the data were exam
ined for trends in survival and partitioned into two groups for further analy
sis. The test for differences between groups was calculated as follows 
(Fleiss 1973, p. 94): 

X2 = 1 n1 n2 (P1 - P2)2 
is ~ n •• 

where 

Pi = proportion surviving 
ni = total number of fish 

n •• = total number of fish 

P = (number survivins in 

~ = 1 - 15. 

in group i 
tested in group i 
tested 
srouE 1) + (number survivins in srouE 2) 

n •• 

To separate mortality which results from the stress of impingement and mor
tality from collection and observation, it is necessary to use the control 
data to adjust survival of fish collected from the intake screens. Since 
field observations support the assumption that impinged fish enter the col
lection net evenly throughout the 30-minute collection period, the exposure 
duration for the "average" fish in the collection net is 15 minutes. How
ever, control fish were placed in the collection basket and exposed for 
discrete durations between 0 and 30 minutes. The average collection and 
observation effect was, therefore, predicted from the 0, 1, 15,20, and 30 
minute control data by non-linear regression (Dixon and Brown 1977). The 
regression (BMD-P3R) predicts the parameters (a and b) of the non-linear 
function by least-squares using a Gauss-Newton iterative algorithm. Control 
survival (Pc) was then estimated from the following equation: 

Pc = 1 a + bt 
+ e 

wheret = duration of exposure = 15 minutes. 

The variance of the predicted control survival was calculated using the 
covariance matrix (C) for the function: 
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where 

d = (~) 

ea + bt 
A = 

(1 
a + btl + e 

tea + bt 
B = 

+ bt)2 (1 
a 

+ e 

Extended survival data were analyzed graphically to determine whether live 
fish collected from the intake screens exhibit any latent mortality as a 
result of impingement and the temporal extent of those latent effec~s. A 
qualitative evaluation of the latent effects of impingement was made by 
comparing the survival curves for control and impinged fish. 

Survival of impinged white perch (experimental, PE) was adjusted for mortality 
associated with collection, handling, and holding, assuming that the effect of 
these sources of stress were additive: 

where Si = proportion surviving impingement. 

Based on the analysis of the latent effects of impingement, this adjustment 
was made for 108-hour survival: 

proportion surviving = ____ ~~~n~o~.~a=1=~=·v~e~~(1~O~8~h~o~u~r~s~)~~~~~ 
no. alive (initial) + no. dead (initial) 

The standard error of Si was calculated by means of the following equation 
(Fleiss 1973, p. 69) in order to provide a range around the impingement sur
vival estimate: 

standard error 

While this equation gives the variation around the impingement estimate, it 
does not account for variation in survival observed among individual samples. 

Effects of conductivity, water temperature, and air temperature on impinged 
fish survival were examined. Mean conductivity and mean water temperature 
were calculated for individual collections by averaging the five measurements 
made through the latent effects holding period. Air temperatures at the time 
of collection were provided by Orange and Rockland Utilities from the plant 
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site meteorological tower (elevation 10 m). It was observed that 108-hour 
white perch survival: 

proportion surviving (108 hours) = no. live + no. stunned 
no. live + no. stunned + no. dead 

was consistently lower than 30 percent at water temperatures less than 3.5 c. 
Graphical analysis of survival data indicated a probable linear relationship 
with temperatures up to 4.5 c, so the survival data were grouped into catego
ries of either greater than or less than 4.5 C. The relationship of survival 
at 108 hours to these three variables was examined using multiple linear 
regression analysis. Samples composed of 10 or less fish were excluded from 
the analyses to reduce variability introduced by small sample sizes. 
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CHAPTER 5: RESULTS 

5.1 INTRODUCTION 

Survival studies conducted in 1974 and early 1975 demonstrated the potential 
for high initial survival of white perch, striped bass, Atlantic tomcod, and 
hogchoker (71.8-99.1 percent) (Table 5-1) and that there was an apparent dif
ference in survival between seasons (LMS 1976). Highest survival occurred 
in the late fall (November-December) and spring (March-April). Survival of 
Alosa sp. was low (11.7-22.7 percent). A few tests were conducted in early 
1975 in which impinged fish were held for time periods up to 156 hours after 
collection. These tests showed apparent survival for extended periods follow
ing impingement (LMS 1976). 

Ecological Analysts conducted studies between December 1975 and May 1978 to 
measure the survival of the most abundant taxa impinged at the Bowline Point 
plant (white perch, striped bass, Atlantic tomcod, rainbow smelt, clupeids, 
and hogchoker). These studies were designed to determine the wash pressure 
and hold period between washes which would provide optimal conditions for 
fish survival. 

After graphical examination of the data indicated that survival was similar 
during particular month groups across all years, the data for most analyses 
were combined over t~e 4 years of the study. Data are provided in a more 
detailed form in the Appendixes as follows: 

1 • 
2. 
3. 

Appendix B -
Appendix C -
Appendix D -

Initial and 108-hour survival 
Extended survival at each observation period 
Data sets used for physicochemical effects evaluation. 

Studies conducted between November 1976 and April 1977 evaluated the effects 
of the high- and low-pressure screenwash system on fish survival. King et 
ale (1978) reported that survival of white perch and striped bass under the 
low-pressure wash (0.70 to 1.41 kg/cm2 [10-20 psi]) was not significantly 
greater than with the high-pressure system alone (2.11 to 3.51 kg/cm2 
[30-50 psi]).· This result was attributed to the following factors: 

1. the low-pressure screenwash system did not effectively remove fish 
from the traveling screens prior to their contact with the high pres
sure system, or 

• The criterion originally employed by King et ale (1978) to determine a low
or high-pressure test was based on operation of the high-pressure system 
alone or in conjunction with the low-pressure system. Howev~r, later exam
ination of the data indicated that, at times, the high-pressure s~stem 
actually operated in the low-pressure range (less than 2.81 kg/cm [40 
psi]). Consequently, the survival data were reevaluated according to pres
sure criteria where low pressure was 0.70 to 2.74 kg/cm2 (10-39 psi) and 
high pressure was greater than 2.74 kg/cm2 (>39 psi). In general, opera
tion of the low-pressure wash system did not result in significantly 
(a = 0.05) greater initial or extended survival for white perch and 
striped bass. 
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TABLE 5-1 INITIAL IMPINGEMENT SURVIVAL FOR YOUNG-OF-THE-YEAR AND YEARLING FISH DURING STUDIES CONDUCTED 
AT THE BOWLINE POINT PLANT, 1974(a} 

Striped Bass White Perch Atlantic Tomcod Alosa SEE. Hogchocker 
Proportion Proportion Proportion Proportion Proportion 

No. Surviving No. Surviving No. Surviving No. Surviving No. Surviving 

NOV-DEC 626 0.866 2,683 0.789 100 0.990 674 0.227 41 0.903 

JAN-FEB 1,083 0.388 7,348 0.259 31 0.387 967 0.117 3 0 

MAR-APR 5,117 0.768 11,429 0.718 25 0.840 173 0.167 11 0.727 

MAY-OCT 197 0.457 493 0.454 578 0.610 1,016 0.121 774 0.991 

(a) Adapted from LMS 1976, pp. VIII-5 - VIII-l0. 

, 



2. both pressures tested were sufficiently low to permit similar 
survival. 

Therefore, the data collected during the evaluation of the high- and low
pressure system (November 1976 through April 1977) were pooled in subsequent 
analyses. 

Attempts were made to evaluate the effects of the screenwash discharge pipe; 
however, extended survival observations of control fish release in the pipe 
indicated that a satisfactory sampling technique had not been developed. 
Based on studies of fish transport through pipes conducted by Taft et ale 
(1977), it was concluded that significant additional fish mortality at the 
Bowline Point plant was not likely to occur from transit through the dis
charge pipe (King et ale 1978). 

5.2 INITIAL SURVIVAL 

5.2.1 Impinged Fish 

Survival of fish exposed to the intake screens for various time intervals was 
evaluated. White perch survival ranged from 85.1 to 97.8 percent (Table 5-2), 
and a significant (a = 0.05) decrease in survival with increaSing screenhold 
time was observed (Table 5-3). Survival of striped bass ranged from 84.6 
to 100 percent and showed a similar response to screenhold time. Blueback 
herring (36.7-79.5 percent) and rainbow smelt (66.4-94.3 percent) demonstra
ted a similar trend. For these two species lower survival was noted for the 
hold modes (Table 5-2) than was observed for white perch and striped bass. 
Initial survival of Atlantic tomcod and hogchoker was usually 100 percent 
for all three screenwash modes. 

Initial survival values did not exhibit consistent seasonal effects: where
as striped bass survival was generally lowest during winter, white perch 
survival was similar for all three seasons within each operational mode 
(Table 5-3). 

The proportion of white perch classified initially as stunned varied with 
both season and screen operation mode (Table 5-4). The proportion of stunned 
collected during continuous operation was highest (69.8 percent) in the Janu
ary and February time period. There was also an increase in stunning asso
ciated with increased time between screen washes. 

5.2.2 Control Fish 

Control tests were conducted to evaluate collection and handling effects. 
Survival of white perch and striped bass in these tests was 93.8-100 percent 
(Table 5-5). Survival was generally 100 percent for all hold durations from 
1 to 30 minutes. 

5.3 EXTENDED SURVIVAL 

Impinged fish were observed for 108 hours after collection to evaluate the 
extended effects of impingement. Control tests were conducted to quantify 
the level of mortality associated with collection, handling, and holding 
that is inherent in extended impingement survival estimates. 
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TABLE 5-2 SURVIVAL OF FISH IMPINGED AT THE BOWLINE POINT PLANT AS A FUNCTION OF SEASON 
AND SCREEN OPERATION MODE, DECEMBER 1975 - APRIL 1978 

Species 

White 
perch 

Striped 
bass 

Blueback 
herring 

Atlantic 
tomcod 

Rainbow 
smelt 

Hogchoker 

Life Stase(a) 

YOY 

Y 

Y 

YOY 

Y 

Y 

YOY 

A 

Y 

y 

Hont.h Group 

NOV-DEC 

JAN-FEB(e) 

HAR-APR(e) 

NOV-DEC 

JAN-PEB(e) 

HAR-APR(e) 

NOV-DEC 

NOV-APR 

FEB-APR 

OCT 

Screen 
Operatipn 

Hode(bJ 

C 
1-2 
I-II 
C 

1-2 
I-II 

C 
1-2 
I-II 

C 
1-2 
1-4 

C 
1-2 
I-II 
C 

1-2 
1-4 

C 
1-2 
I-II 

C 
1-2 
I-II 

C 
1-2 
I-II 

1-4 

(8) Y = yearling; YOY = young of the year; A = adult. 

Number 
of Fish 

6,465(2,917)(d) 
2,970(1,291)(d) 

6110 
2,1115 

279 
226 

1,0117 
325 
526 

445 (215) (d) 
2811 ( 139) (d) 

17 
628 

13 
14 

173 
56 

175 

127 
6 

30 

116 
8 
5 

562 
200 
141 

124 

(b) C = continuous; 1-2 = intermittent 2-hour hold; 1-4 = intermittent 4-hour hold. 

Number 
of Tests 

45 
16 
15 
42 
II 
4 

16 
4 
7 

33 
17 
3 

43 
II 
4 

16 
4 
6 

'14 
2 
7 

10 
3 
3 

6 
7 
7 

2 

Percent Survival(c) 
t Standard Error 

Initial 96-106-hr 

97.4tO.2 
91.4tO.5 
90.0tl.0 
65.7tO.8 
97.6tO.9 
91.1:tl.9 
94.0tO.7 
91.lItl.5 
86.9t1.5 

95.3tl.0 
93.0tl.5 

100.0tO.0 
90.0tl.2 
811.6tl0.0 
92.9t6.9 
93.6tl.8 
69.3t4.1 
89.7t2.3 

79.5t3.6 
66.7t19.2 
36.7t8.8 

98.3tl.2 
100.0tO.0 
100.0tO.0 

911.3tl.0 
68.0t3.3 
66.4t3.9 

100.0tO.0 

53. IUO.9 
25.3tl.2 
11.9±1.2 
26.6tl.0 
9. 1:t 1. 'f 
2.4tl.l 

36.1:11.5 
37.7:t2.6 
13.3t1.6 

52.1:13.4 
23.7t3.6 
17.6t9.2 
31.9t2.0 
7.7t8.0 

o 
13.6t2.7 
16.0t5.11 
3.2tl.4 

o 
o 
o 

90.1:12.8 
100.0tO.0 
60.0t21.9 

3.8to.8 
1.5tl.0 
2.0tl.4 

83.1t3.4 

(c) Percent survival (initial) = 100 x (no. live + no. stunned)/(no. live + no. stunned + no. dead); 
percent survival (96-108 hour) = 100 x (no. live + no. stunned)/(initial no. alive). 

(d) Subsample (live and stunned only) taken for extended survival tests. 
Ce) Excludes samples collected during 1976 when no controls were conducted; data from this period 

are included in Appendix Tables B-1 and B-2. 



TABLE 5-3 SUMMARY OF WHITE PERCH EXPERIMENTAL SURVIVAL(a) AS A FUNCTION 
OF SCREEN OPERATION MODE AND SEASON 

Screen Oeeration Mode(b) 

Month Groue Survival Observation Continuous 2-hr 

NOV-DEC Initial 97.0 > 91.4 
Extended(c) 51.5 > 25.3 > 

JAN-FEB Initial 94.8 97.8 
Extended 25.5 > 9.1 > 

MAR-APR Initial 94.9 > 91.4 > 
Extended 49.8 > 37.7 > 

(a) Underline denotes no significant difference (X2 test; Fleiss 1973, 
pp. 92-96) between groups; < denotes significantly less; > denotes 
significantly greater; a = 0.05. 

(b) Includes only months when continuous and intermittent 2- or 4-hour 
hold tests were conducted. 

(c) Observation made at 96 or 108 hours. 

4-hr 

90.0 
11 .9 

91.1 
2.4 

86.9 
13.3 



TABLE 5-4 THE PROPORTION OF IMP!NGED WHITE PERCH 
INITIALLY CLASSIFIED AS STUNNED 

Month 
Group 

NOV-DEC 

JAN-FEB 

MAR-APR 

Screen 
Operari~n 

Mode a 

C 
I-2 
I-4 

C 
I-2 
I-4 

C 
I-2 
I-4 

Initial 
Number Proportion 
Stunned Stunned 

3,129 (1,442)(b) 0.482 
2,112 (767 ) 0.711 

539 0.642 

1,518 0.698 
260 0.932 
210 0.903 

316 0.247 
116 0.357 
308 0.583 

(a) C = continuous; I-2 = intermittent, 2-hour hold; 
I-4 = intermittent, 4-hour hold. 

(b) Number in parenthesis indicates number of stunned 
subsampled for extended survival. 



TABLE 5-5 SURVIVAL OF CONTROL FISH AS A FUNCTION OF COLLECTION TIME AT THE BOWLINE POINT PLANT, 1976-1978 

Exposure Number Percent Survival(b) 
Life Time of Fish Number ± Standard Error 

Species Stage(a) Month GrouE (min) Tested of Tests Initial 96-108-hr 

White perch YOY NOV-DEC 0 127 5 100.0±0.0 79.5±3.6 
1 27 1 100.0±0.0 81.5±7.5 

10 103 4 100.0±0.0 21.4±4.0(c) 
20 130 6 93 .8±2. 1 48.4±4.5 
30 229 12 99.1±0.6 41.8±3.3 

Y JAN-FEB 1 25 1 100.0±0.0 32.0±9.3(c) 
15 30 1 100.0±0.0 50 .0±9. 1 
30 192 7 99.5±0.5 21.5±3.0 

Y MAR-APR 0 131 4 100.0±0.0 66.4±4.1 
1 143 4 100.0±0.0 74.1±3.7 

15 167 5 100.0±0.0 46.7±3.9 
30 288 8 100.0±0.0 37.5±2.9 

Y MAY 1 66 1 100.0±0.0 71.2±5.6 
15 48 1 100.0±0.0 60.4±7.1 
30 80 2 100.0±0.0 53.7±5.6 

Striped YOY DEC 0-30 33 6 100.0±0.0 18.2±6.7 
bass 

Y JAN 1-30 3 2 100.0±0.0 33.3±27.2 

(a) Y = yearling; YOY = young of the year. 
(b) Percent surviving (Initial) = 100 x (no. live + no. stunned)/(no. live + no. stunned + no. dead); 

percent surviving (96-108-hour) = 100 x (no. live + no. stunned)/initial no. alive. 
(c) Survival at 96-108 hours for the Jan-Feb l-minute and Nov-Dec 10-minute exposure to the collection basket 

were considered to be outliers and were not included in the nonlinear regression used to estimate the 
collection effect for the "average fish". 



TABLE 5-5 (CONT. ) 

Exposure Number Percent Survival(b) 
Life Time of Fish Number ± Standard Error 

SEecies St!Y!je(a) Month GrouE (min) Tested of Tests Initial -..26-1OB-hr 

Striped Y MAR-APR 0-30 44 17 100.0±0.0 47. 7±7.5 
bass 

Y MAY 15-30 4 3 100.0±0.0 0 



5.3.1 Impinged Fish 

5.3.1.1 Effect of Screenwash Frequency 

Extended survival for white perch, striped bass, and Atlantic tomcod varied 
with wash mode in a manner similar to that observed for initial survival 
(Table 5-2). A significant decrease (a = 0.05) in survival was observed for 
white perch as the screenhold time was increased (Table 5-3). Continuous 
operation resulted in highest extended survival (seasonal range was from 25.5 
to 51.5 percent); survival during 4-hour hold tests (seasonal range was from 
2.4 to 13.3 percent) was lowest. The same trend was observed for striped 
bass (Table 5-6). Extended survival for rainbow smelt was low (1.5-3.8 per
cent). Few blueback herring survived beyond 12 hours, and none survived to 
108 hours. Hogchoker collected during 4-hour hold tests showed high 108-hour 
survival (83.1 percent). 

Seasonal differences were observed for white perch survival (Table 5-3) under 
all three operational modes. Survival during winter was consistently lower 
(2.4-25.5 percent) than late fall (11.9-51.5 percent) and spring (13.3-49.8 
percent). Striped bass displayed a similar relationship (Table 5-6), with 
the exception of lower survival during spring. Statistical comparison of 
white perch and striped bass extended survival paired by season and wash 
mode indicates that these congeneric species have a similar survival response 
to the stress of impingement, collection, and holding (t = 3.272, P < 0.025). 

Survival of stunned white perch at 108 hours was lower than that observed for 
those initially classified as live (Table 5-7). Survival of stunned white 
perch collected during continuous screen wash was highest (41.2 percent) in 
fall and lowest (17.7 percent) in spring (Figure 5-1). At the 108-hour ob
servation, survival of stunned fish exhibited a reduction associated with 
increased time between screen washes similar to that observed for live fish. 

5.3.1.2 Effect of Physicochemical Variables on Extended Survival 

The relationship between extended survival and water temperature and conduc
tivity was examined to investigate seasonal variation in survival (described 
above). Linear regression analysis demonstrated a correlation between white 
perch survival at 108 hours and conductivity and water temperature during col
lection and holding. Air temperature was also examined (because of the poten
tial for tissue damage, from freezing during screen rotation and collection 
when the temperature was below 0 C), but no significant (a = 0.05) relation
ship to survival was observed. When water temperature was less than 4.5 C, 
water temperature accounted for 81.6 percent of the variation in white perch 
survival (Table 5-8 and Figure 5-2), whereas conductivity accounted for 86.8 
percent of the variation when water temperatures were above 4.5 C (Table 5-8 
and Figure 5-3). A natural log (In x) transformation of conductivity data 
provided the best fit. The correlation coefficients for the two temperature 
groups were significant (a = 0.01). In addition, the regression coefficient 
for conductivity was significant (a = 0.05). Conductivity and water tempera
ture exert a similar influence on striped bass survival. Although the data 
base was smaller, conductivity accounted for 93.9 percent of the variance 
above 4.5 C and water temperature accounted for 60.0 percent of the variance 
below 4.5 C (Table 5-8, Figures 5-2 and 5-3). 
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TABLE 5-6 SUMMARY OF STRIPED BASS EXPERIMENTAL SURVIVAL(a) ASA 
FUNCTION OF SCREEN OPERATION MODE AND SEASON 

Screen 0Eeration Mode 
Month GrauE Observation Period Continuous 2-hr 4-hr 

NOV-DEC Initial 95.3 93.0 100.0 
Extended 52.1 23.7 17.6 

JAN-FEB Initial 90.4 84.6 92.9 
Extended 30.7 7.7 0.0 

MAR-APR Initial 93.5 89.3 89.7 
Extended 15.1 18.0 3.2 

(a) These data were not tested statistically because of the low sample 
sizes. 



TABLE 5-7 PROPORTION OF LIVE AND STUNNED WHITE PERCH SURVIVING AT LATENT-EFFECTS OBSERVATIONS 
AT THE BOWLINE POINT PLANTL-1275-1978 

Screen Stunned (b) Live(c) 
Month Operation Number 

Mode(a) 
Time of Observation (hr) Number Time of Observation (hr.) 

Group Held 12 24-36 48-60 96-108 Held 12 24-36 

NOV-DEC C 1,442 0.718 0.533 0.459 0.412 1,413 0.875 0.788 
1-2 767 0.881 0.464 0.318 0.197 519 0.776 0.468 
1-4 539 0.651 0.154 0.085 0.061 217 0.885 0.542 

JAN-FEB C 1,518 0.821 0.561 0.386 0.254 312 0.973 0.786 
1-2 260 0.950 0.288 0.165 0.081 13 0.923 0.538 
1-4 210 0.569 0.108 0.064 0.024 5 1.000 0.600 

MAR-APR C 316 0.642 0.441 0.358 0.177 876 0.834 0.714 
1-2 116 0.517 0.181 0.129 0.103 181 0.906 0.663 
1-4 308 0.594 0.263 0.156 0.049 151 0.848 0.503 

(a) C = continuous; 1-2 = intermittent, 2-hour hold; 1-4 = intermittent, 4-hour hold. 
(b) Proportion surviving = number alive/initial number stunned. 
(c) Proportion surviving = number alive/initial number alive. 

48-60 96-108 

0.732 0.686 
0.368 0.320 
0.300 0.363 

0.533 0.464 
0.538 0.308 
0.200 0.200 

0.623 0.560 
0.602 0.552 
0.384 0.305 



TABLE 5-8 LINEAR REGRESSION STATISTICS FOR RELATIONSHIP BETWEEN 96-108-HOUR SURVIVAL AND SELECTED PHYSICO-
CHEMICAL VARIABLES AT THE BOWLINE POINT PLANT, 1975-1978 

Temperature 
SEecies Test 

White perch Impinged 
Impinged 

Control 
(30 min) 

Control 
(30 min) 

Control 
(Holdi~) 

Control 
(Holdi~) 

Striped bass Impinged 
Impinged 

(a) Significant at a = 0.01. 
(b) Significant at a = 0.05. 

GrouE 

>4.5 
<4.5 

>4.5 

<4.5 

>3.0 

<3.0 

>4.5 
<4.5 

x n r 

Loge conductivity 13 0.931 (a) 
Temperature 14 0.903(a) 

Loge conductivity 7 0.782 (b) 

Temperature 10 0.494 

Loge conductivity 8 0.644 

Temperature 8 0.304 

Loge conductivity 6 0.969(a) 
Temperature 9 0.775(b) 

-- .----~~ - -----------

r2 
Regression 
Coefficient Intercept 

0.868 0.302(b) -1.319 
0.816 0.180 -0.111 

0.611 0.232 -0.893 

0.244 0.109 0.024 

0.415 0.087 0.277 

0.092 0.012 0.754 

0.939 0.171(b) -0.796 
0.600 0.191 -0.086 
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Figure 5-1. Extended survival of white perch initially classified as stunned during impingement 
survival studies at the Bowline Point plant, 1975-1978. 
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Figure 5-2. Relationship of mean water temperature to survival (at 96-108 hours) 
when water temperature was less than 4.5 C. 
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Figure 5·3. Relationship of conductivity to survival (at 96·108 hours) when water 
temperature was greater than 4.5 C. 



5.3.2 Control Fish 

Control tests were conducted to evaluate the combined effects of collection, 
handling, and holding on extended survival of impinged fish. Survival of 
white perch controls varied with exposure to the impingement collection 
basket for various time intervals up to 30 minutes (Table 5-5, Appendix C). 
Generally, a 1-minute exposure of white perch controls to the collection 
basket resulted in significantly (a = 0.05) higher survival than observed 
at 15- and 30-minute intervals (Table 5-9, Figure 5-4). NO stunning was 
observed in control tests. 

If it is assumed that impinged fish enter the collection area at a rate which 
is relatively constant throughout the 30-minute wash period, the effect of 
the collection process is underestimated by the survival of 1-minute controls 
and overestimated by 30-minute controls. Therefore, the "average" survival 
(15 minute exposure) was predicted by non-linear regression as a best esti
mate of the effects of collection (Table 5-10). Handling and holding effects 
should be the same regardless of collection duration. 

Extended control survival for white perch and striped bass declined rapidly 
during the first 60 hours, then leveled off at about 55 percent at 108 hours 
(Figure 5-5). 

Water temperature and conductivity exerted an influence on white perch con
trol survival (30-minute exposure) similar to that noted for impinged fish 
(Subsection 5.3.1.2). Very few control tests were conducted at temperatures 
below 3.5 Cj however, 108-hour survival was consistently less than 30 per
cent (Figure 5-2). Above 4.5 C, conductivity accounted for 45.7 percent of 
the variance (Table 5-8, Figure 5-3). For white perch holding control sur
vival at 108 hours, no relationship with temperature was notedj conductivity, 
on the other hand, accounted for 41.5 percent of this variance. No holding 
control data were collected at temperatures below 3.0 C. 

5.4 ADJUSTMENT OF WHITE PERCH IMPINGEMENT SURVIVAL FOR 
HANDLING/HOLDING EFFECTS 

Impingement survival for white perch was adjusted for control survival in 
order to correct for handling and holding effects. Adjustments and Si calcu
lations were made according to the formulas presented in Section 4.4. 

Survival of control fish was conSistently greater than impinged fish collected 
during all modes of screen operation in fall, winter, and spring (Tables 5-10 
and C-3). The differences between control and experimental survival curves 
indicate that the latent effects of impingement increase with duration between 
screen washes and are greatest during winter. The curves for control and 
experimental survival diverge during the first 60 hours following impingement, 
but tend to level off and become parallel between 60 and 108 hours. This 
pattern indicates that latent mortality associated with impingement has been 
fully realized by the 108 hour observation. The divergence of survival curves 
increased with duration between screen washes and was greatest for all screen 
wash modes during winter. Based on these observations for latent effects, 
impingement survival was calculated for overall survival 108 hours after col
lection (Table 5-11) using 0.548 survival for control fish. 
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of exposure to the coU8C1ion net at the Bowline Point plant, 1975-1978. 



TABLE 5-9 SUMMARY OF EXTENDED SURVIVAL OF CONTROL 
WHITE PERCH AS A FUNCTION OF 
COLLECTION TIME 

Collection Time(a) 
Month GrouQ min 15 min 30 min 

NOV-DEC 81.5 > 48.4(b) 41.8 

JAN-FEB 32.0 50.0 > 21.5 

MAR-APR 74.1 > 46.7 37.5 

MAY 71.2 > 60.4 53.7 

(a) Underline indicates no significant difference 
(X2 test; Fleiss 1973; pp. 92-96), > indicates 
significantly greater survival; a = 0.05. 

(b) Tests were 20 minutes. 



TABLE 5-10 EXTENDED SURVIVAL FOR WHITE PERCH DURING IMPINGEMENT STUDIES AT THE BOWLINE POINT PLANT 
BY SEASONAL MONTH GROUP, NOVEMBER 1976 - APRIL 1978 

Time of Observation (hr) 
Screen Initial 12 211-36 

operap'f Number Survival Survival 
Date Hode a Ali ve (b) Nullber Prol!ortion(c) !!!!!!?!r. Pr0l!0rtion Number 

NOV-DEC CNTR 0.896tO.Ol0 0.7110tO.012 
C 2,855 2,271 0.795tO.008 1,881 0.659:1:0.009 1,696 

1-2 1,286 1,079 0.839:1:0.010 599 0.1166:1:0.0111 "35 
1-4 759 5'13 0.715:1:0.016 181 0.2)8:1:0.015 111 

JAN-FEB CNTR 0.896tO.Ol0 0.7110:1:0.012 
C 1,873 1,570 0.8)8tO.009 1,112 0.5911tO.Ol1 763 

1-2 273 259 0.949tO.013 82 0.300:1:0.027 50 
1-4 215 121 0.563:1:0.034 25 o. 116to .022 1/j 

HAR-APR CNTR 0.896tO.Ol0 0.7110tO.012 
C 1,192 987 0.828:1:0.011 71S 0.6OOtO.01/j 619 

1-2 297 22/1 0.75/1:1:0.025 1111 0./j75:1:0.029 1211 
I-II /j59 311 0.678:1:0.022 157 0.3/12tO.022 106 

(al C:NTR = predicted 15-minute control survival; C = continuous; 1-2 = intermittent 2-hour hold; 
1-4 = intermittent 4-hour hold. 

(b) Alive refers to live + stunned. 
(c) Survival proportion (normalized) = (live + stunned)/initial number alive; value presented is 

survival t 1 standard error. 

ijO-60 
Survival 

Prol!0rtion 

0.658to.013 
0.59":1:0.009 
0.338:1:0.013 
0.1116tO.013 

0.658tO.013 
O'.II07tO.Oll 
0.183:1:0.023 
0.065:1:0.017 

0.658to.013 
0.519:1:0.0111 
0./117:1:0.029 
0.231t0.019 

96-108 
Survival 

NUliber Pr0l!0rtion 

0.549tO.013 
1,564 0.548:1:0.009 

317 0.2116tO.012 
90 0.119:1:0.012 

0.549:1:0.013 
540 0.288:1:0.010 

25 o .092tO.017 
6 0.028:1:0.011 

0.549tO.013 
527 0.442:1:0.014 
112 0.377:t0.028 
61 0.133:t0.016 
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Figure 5-5. Extended survival of white perch (Jive and stunned) during impingement 
studies at the Bowline Point plant, 1975-1978. 



TABLE 5-11 IMPINGEMENT SURVIVAL (Si) FOR WHITE PERCH AT THE 
BOWLINE POINT PLANT 

Month Screen Wash Number P (b) Group Mode(a) Collected s 

NOV-DEC C 6,485 0.534 
I-2 2,970 0.248 
I-4 840 0.076 

CNTR( d) 0.548 

JAN-FEB C 2,145 0.245 
I-2 279 0.090 
I-4 0.022 

CNTR( d) 0.548 

MAR-APR C 1,047 0.427 
I-2 325 0.345 
I-4 528 0.115 

CNTR(d) 0.548 

(a) C = continuous; I-2 = intermittent, 2-hour hold; 
I-4 = intermittent, 4-hour hold; 

Si 
(%) (c) 

97.4±2.6 
45.2±1.8 
13. 9± 1. 7 

44.7±2.0 
16 .4±3. 1 
4.0±1.8 

77.9±3.4 
63.0±5.0 
21.0±2.6 

CNTR = predicted "average" sampling effect (15 minutes). 

(b) 

(c) 

(d) 

Ps = number surviving (96-108 hours) 
total number collected 

Ps ' experimental 
Si(%) = 100 Ps ' control ; ± 1 standard error. 

Control survival (P3) was predicted for a 15 min exposure 
to the collection basket (average collection effects) using 
non-linear regression of survival at 108 hours and collection 
exposure duration. 



Under continuous operation, white perch impingement survival ranged between 
44.7 and 97.4 percent (Table 5-11). Survival for 2-hour hold and 4-hour hold 
ranged between 16.4 and 63.0 percent and 4.0 and 21.0 percent, respectively. 
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CHAPTER 6: DISCUSSION 

6.1 INITIAL SURVIVAL 

Highest initial survival of all species was observed during continuous screen 
rotation. Operation of the screens in the hold mode generally reduced initial 
survival; this result is consistent with that observed by King et ale (1977). 
Survival of white perch and striped bass did not show a seasonal response, 
which is a marked difference from the observations reported by LMS (Table 5-1). 
Such difference may be a result of modifications in the collection and handling 
techniques used in the present studies. 

Control tests conducted with white perch and striped bass indicated that little 
initial mortality is due to collection and handling. 

6.2 EXTENDED SURVIVAL AND PHYSICOCHEMICAL EFFECTS 

6.2.1 White Perch and Striped Bass 

A significant decrease in survival was noted for white perch and striped bass 
as screen hold time increased. This result is consistent with that reported 
by King et al. (1977). Both species exhibited seasonal changes in impingement 
survival, with lower extended survival during winter. 

White perch control tests showed that collection and holding effects increased 
with the duration of exposure to the collection net and probably accounted for 
a considerable portion of the mortality observed among impinged fish during 
the extended observation period. Therefore, use of extended survival of 
impinged fish without consideration of sampling (collection, handling, and 
holding) effects, would overestimate impingement mortality. Since survival 
of control fish was influenced by the duration of exposure to the collection 
net, 1-minute tests would tend to underestimate sampling effects while 30-
minute tests would overestimate these effects. Because tests of an inter
mediate duration were limited, the best estimation of sampling effects has 
been predicted by nonlinear regression analysis. 

Survival (based on only those fish initially alive) of white perch was cor
rected for sampling effects at each latent-effects observation, and impinge
ment survival (Si) generally stabilized between 24 and 60 hours following col
lection during spring and fall. This indicates that the full direct effect 
of impingement is realized within 24-36 hours of collection during these time 
periods. However, the latent effect of impingement during winter continued 
to be observed up to 60 hours. Because 108-hour survival (based on all fish 
collected) reflects both the initial and latent effects of the impingement 
and sampling process, this value was used to derive an estimate of impinge
ment survival which accounts for the maximum effect of impingement. 

When survival of impinged white perch at 108 hours was adjusted for sampling 
effects, seasonal and screen-mode effects were observed. Whereas survival 
under continuous operation was 78-97 percent in fall and spring, survival in 
winter declined to 45 percent. The hold modes exhibited a similar pattern; 
however, operation of the screens in the hold mode resulted in a more stress
ful condition, with survival between 4 and 63 percent. The control data for 

6-1 



striped bass was too limited to make corrections similar to those made for 
white perch. However, similarities between striped bass and white perch 
initial and extended survival would indicate that impingement survival (Si) 
of these two closely related species is also similar. 

Fish impinged during different seasons and wash modes exhibited various 
degrees of stunning. Greater stunning was noted with increased hold times 
between washes and in the winter time period. Control fish did not exhibit 
any stunning when subjected to the collection basket and handling; therefore, 
stunning probably is a result of the impingement process. Generally, a 
lower proportion of those fish initially classified as stunned survived 
through lOB hours than of those initially classified as live. 

Higher conductivity at temperatures greater than 4.5 C was associated with 
higher extended survival of impinged white perch and striped bass, 30-minute 
white perch controls, and white perch holding-facility controls. This rela
tionship was suppressed at water temperatures below 4.5 C, which is reflected 
by the lower observed survival of impinged white perch and striped bass dur
ing the winter months. 

The improvement in extended survival observed with increased conductivity is 
similar to the prophylactic effect of salt reported by Collins and Hulsey 
(1963), Miles et al. (1974) and Hattingh et al. (1975). Such enhanced sur
vival in the qolding facility may be related to the alleviation of osmoregu
latory dysfunction or hyperglycemia (Wedemeyer 1972; Miles et al. 1974; and 
Hattingh and Van Pletzer 1974) associated with stress. 

White perch and striped bass lOB-hour survival was observed to be related to 
water temperatures below 4.5 C. As temperature increased, survival in the 
holding facilities increased. Since similar results were noted for white 
perch 30-minute controls, but not for holding controls, this effect may be 
related to an interaction between stress of impingement, collection, and low 
temperatures. Increased mortality due to the addition of stress at low 
temperatures has been noted in other studies (Stanley and Colby 1971; Colby 
1973; Umminger and Gist 1973; and Otto et al. 1976). Such mortality may be 
attributed to increased osmoregulatory dysfunction. Also, temporary freezing 
of fish out of water during screen rotation before they reach the height of 
the wash nozzles may be a source of additional stress. These factors may 
also contribute to the higher degree of stunning observed for impinged fish 
during the winter months and the depressed Si values for winter. 

Since no holding control data were available at temperatures below 3.0 C, the 
effect of very low holding temperatures on survival has not been documented. 
Consequently, it has not been possible to determine whether the low survival 
observed below 3.0 C (Jan-Feb) is a result of impingement, collection, or 
holding. 

6.2.2 Other Species 

Based upon the results of this study, initial and extended impingement survival 
(Si) of hogchoker and Atlantic tomcod would be expected to be high during 
both continuous and intermittent screen operation. King et al. 1977 also 
concluded that screen operation mode and screenwash pressure had little appar
ent effect on Atlantic tomcod survival. 
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While initial survival of rainbow smelt and blueback herring was high (79.5 
to 94.3 percent) during continuous screen operation, few rainbow smelt and no 
blueback herring survived to 108 hours. Since no control groups were avail
able to determine potential effects of handling and holding, the latent 
effect of impingement on these species cannot be estimated. Texas Instruments 
(1978) reported similar results for both rainbow smelt and blueback herring 
impinged under continuous operation of a fine-mesh screen. 

6.3 CONCLUSIONS 

These studies were conducted to determine the mode of operation that would 
maximize fish survival; the factor influencing survival; and the impingement 
survival factors which should be used for impact assessment at the Bowline 
Point Generating Station. The results of these studies have demonstrated the 
following: 

1. Impingement survival increases with decreasing time between screen 
washes. Continuous operation resul ted in the highes t survival for 
all species observed. 

2. Seasonal differences were observed, with lower survival and greater 
stunning observed for white perch in winter. 

3. The presence of higher salinity water enhanced the ability to hold 
white perch and striped bass through the latent effects observation 
period. The presence of the salt front in the vicinity of Bowline 
Point may enhance survival upon return to the waterbody. 

4. Little effect of impingement on survival percentages of hogchoker and 
Atlantic tom cod was noted: 

Mode 
Intermittent 

Species Continuous (2-Hr Hold) (4-Hr Hold) 

Atlantic tomcod 90 100 60 

Hogchoker 83 

5. Initial survival of blueback herring and rainbow smelt collected 
under continuous operation was high. No control data were collected 
to determine handling or holding effects. No blueback herring and 
few smelt survived through the 108-hour observation. 
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6. Impingement survival (corrected for sampling effects) for white perch 
at the Bowline Point Generating Station in normal operating modes was 

Season 

Fall 
Winter 
Spring 

Continuous 

97.4±2.6 
44.7±2.0 
77.9±3.4 

Mode 
Intermittent 
(4-Hr Hold) 

13.9±1.7 
4 .O± 1.8 

21.0±2.6 

It is expected that striped bass impingement survival would be similar 
to white perch based on the similarity of extended survival observed 
for these two closely related species. 

} 

6-4 



REFERENCES 

Colby, P. J. 1973. Response of the alewives, Alosa pseudoharengus, to envi
ronmental change, in Responses of Fish to Environmental Changes (W. Chavin, 
ed.), pp. 163-198.--C. C. Thomas, Springfield, Ill. 

Collins, J. L., and A. H. Hulsey. 
reduced with M.S. 222 and salt. 

1963. Hauling mortality of thread fin shad 
Prog. Fish-Cult. 25:105-106. 

DeAngelis, D. L., S. W. Christensen, and A. G. Clark. 
of a fish population to young-of-the-year mortality. 
Can. 34(11): 2124-2132. 

1977. Responses 
J. Fish. Res. Board 

Dixon, W. J., and M. B. Brown. 1977. BMDP-77. Biomedical Computer 
Programs, P-Series. University of California Press. 

Ecological Analysts, Inc. (EA). 1977. 
Entrainment and Impingement Studies. 
Orange and Rockland Utilities, Inc. 

Bowline Point Generating Station 
1976 Annual Report. Prepared for 

Fleiss, J. L. 1973. Statistical Methods for Rates and Proportions, pp. 
92-96. Wiley, N.Y. 

Grimes, C. B. 1975. Entrapment of fishes on intake water screens at 
a steam electric generating station. Ches. Sci. 16(3):172-177. 

Hanson, C. H., J. R. White, and H. W. Li. 1977. 
of fishes by power plant cooling water intakes: 
Fish. Rev. 39(10):7-17. 

Entrapment and impingement 
an overview. Marine 

Hattingh, J., and A. J. J. Van Pletzen. 1974. The influence of capture and 
transportation on some blood parameters of fresh water fish. Compo Biochem. 
Physiol. 49A:607-609. 

Hattingh, J., F. L. Fourie, and J. H. J. Van Vuren. 1975. The transport of 
freshwater fish. J. Fish. BioI. 7:447-449. 

King, L. R., J. B. Hutchison, Jr., and T. G. Huggins. 1978. Impingement sur
vival stUdies on white perch, striped bass, and Atlantic tomcod at three 
Hudson River power plants, in Fourth National Workshop on Entrainment and 
Impingement (L. D. Jensen, ed.). EA Communications, Melville, N.Y. 

Lawler, Matusky and Skelly Engineers (LMS). 1974. 1973 Hudson River Aquatic 
Ecology Studies--Bowline Point and Lovett Generating Stations. Volume V. 
Prepared for Orange and Rockland Utilities, Inc. 

Lawler, Matusky and Skelly Engineers (LMS). 1975. 1974 Hudson River Aquatic 
Ecology Studies--Bowline Point and Lovett Generating Stations. Volume 
II. Prepared for Orange and Rockland Utilities, Inc. 

Lawler, Matusky and Skelly Engineers (LMS). 1976. 1975 Hudson River Aquatic 
Ecology Studies--Bowline Point and Lovett Generating Stations. Volume I. 
Prepared for Orange and Rockland Utilities, Inc. 



Lawler, Matusky and Skelly Engineers (LMS). 1977. 1976 Hudson River Aquatic 
Ecology Studies at Bowline Point Generating Station. Volume I. Prepared 
for Orange and Rockland Utilities, Inc. 

Lawler, Matusky and Skelly Engineers (LMS). 1978. 1977 Hudson River Aquatic 
Ecology Studies at the Bowline Point Generating Station. Prepared for 
Orange and Rockland Utilities, Inc. 

Mathur, D., P. G. Heisey, and N. C. Magnusson. 1977. Impingement of 
fishes at Peach Bottom Atomic Power Station, Pennsylvania. Trans. Amer. 
Fish. Soc. 106(3):258-267. 

Miles, H. M., S. M. Loehner, D. T. Michaud, and S. L. Salivar. 1974. Physio
logical re~ponses of hatchery reared muskellunge (Esox masquinongy) to 
handling. Trans. Amer. Fish. Soc. 103:336-342. 

Orange and Rockland Utilities, Inc. (ORU). 1977. Bowline Point Generating 
Station: Near-Field Effects of Once-Through Cooling Systems Operation on 
Hudson River Biota. 

Orange and Rockland Utilities, Inc. (ORU). 1978. Bowline Point Generating 
Station: 316(a) Demonstration. 

Otto, R. G., M. A. Kitchel, and J. O'Hara Rice. 1976. Lethal and preferred 
temperatures of the alewife (Alosa pseudoharengus) in Lake Michigan. 
Trans. Amer. Fish. Soc. 105(1):96-106. 

Stanley, J. G., and P. J. Colby. 1971. Effects of temperature on electro
lyte balance and osmoregulation in alewife (Alosa ~seudOharengUs) in fresh 
and sea water. Trans. Amer. Fish. Soc. 100:624-63 • 

Texas Instruments, Inc. 1978. Initial and Extended Survival of Fish Col
lected from a Fine Mesh Continuously Operating Traveling Screen at the 
Indian Point Generating Station for the Period 15 June - 22 December 1977. 
Prepared for Consolidated Edison Company of New York, Inc. 

Umminger, B. L., and D. H. Gist. 1973. Effects of thermal acclimation on 
physiological responses to handling stress, cortisol and aldosterone injec
tions in the goldfish, Carassius auratus. Compo Biochem. Physiol. 44A: 
967-977. 

Umminger, B. L. 1971. Osmoregulatory role of serum glucose in freshwater
adapted killifish (Fundulus heteroclitus) at temperatures near freezing. 
Compo Biochem. Physiol. 38A:141-145. 

Van Winkle, W. (ed.). 1977. Assessing the effects of power-plant induced 
mortality on fish populations. Pergamon, New York. 380 pp. 



Van Winkle, W., D. L. DeAngelis, and S. R. Blum. 1978. A density-dependent 
function for fishing mortality rate and a method for determining elements 
of a Leslie matrix with density dependent parameters. Trans. Am. Fish. 
Soc. 107(3):395-401. 

Wedemeyer, G. 1972. Some physiological consequences of handling stress in 
the juvenile coho salmon (Onchorhynchus kitsutch) and steelhead trout 
(Salmo gairdneri). J. Fish. Res. Board. Can. 29:1780-1783. 



APPENDIX· A 

MODIFICATIONS TO THE SAMPLING PROCEDURE 



APPENDIX A: MODIFICATIONS TO THE SAMPLING PROCEDURE 

Occasional modifications to the sampling design, equipment, or procedures 
were made between December 1975 and May 1978 in conjunction with changes in 
the objectives of the study and in an attempt to reduce the effects of han
dling, collection, and holding on fish survival. These modifications are 
described below and summarized in Table A-1. 

A.1 DECEMBER 1975 - APRIL 1976 

Surveys were conducted once per month, with the exception of April, when two 
surveys were conducted. Sample collections were made at the impingement col
lection pit under continuous screenwash mode, with the screenwash system 
adjusted to approximately 2.1 kg/cm2 (30 psi); the dual pressure system had 
not been completed. 

The holding tanks were set up in the laboratory until air temperature was con
sistently above 0 C; in April, the facilities were moved to the intake catwalk. 
Flow-through containers (60 x 45 x 30 cm) were used for holding the test fish. 

The collection nets were emptied and fish were sorted every 30 minutes. These 
collections were then composited for a 3-hour sample. Impinged fish from Unit 
1 and Unit 2 were mixed in the collection net and processed as a single sample. 

Control fish were collected by seine, electroshocker, and trap nets. These 
fish were distinguished from impinged fish during test runs by caudal finclips 
and were subjected to the collection gear for 30 minutes. 

Extended survival was observed for all species collected at 6-, 12-, 24-, 36-, 
48-, and 96-hour intervals. Total length (to the nearest millimeter) was 
recorded for each fish at the time that death was observed. 

A.2 NOVEMBER-DECEMBER 1976 

Impingement survival studies were conducted 2 nights per week for 6 weeks in 
November-December 1976. Screenwash operational modes tested were: continuous 
(November-December), intermittent (4-hour hold) with a 20-minute screenwash 
(November), and intermittent (2-hour hold) with a 10-minute screenwash (Decem
ber). The high-pressure screenwash system was set at 4.2 kg/cm2 (60 psi) 
(resulting in a 40-60 psi range), and the low-pressure screenwash system was 
adjusted to 1.4 kg/cm2 (20 psi) (resulting in a 10-39 psi range). The sampling 
regime, with associated screenwash operating modes is presented below: 

Day Sampling Period Operating Mode Pressure 

1700-2300 Continuous High 
1 2300-0500 Continuous High/low 
2 1700-2300 Intermittent High 
2 2300-0500 Intermittent High/low 

The sequence of high and high/low pressure operation was alternated during 
each subsequent sampling week. 
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Year 

1975-76 

1976 

1977 

1977 

1978 

TABLE A-l SAMPLING GEAR AND METHODS USED TO COLLECT FISH FOR IMPINGEMENT VIABILITY 
AT THE BOWLINE POINT PLANT, 1975-1978 

Season 

DEC 75-
APR 76 

NOV-DEC 

JAN-APR 

OCT-DEC 

JAN-MAY 

Co 11 ec tion Site 

Impingement collection 
pit 

Impingement collection 
pitj sluiceway dis
charge pipe 

Impingement collection 
pit; sluiceway dis
charge pipe 

Impingement collection 
pit 

Impingement collection 
pit 

Units Sampled 
For Survival 

Units 1 and 2 
combined 

NOV-Units 1 and 2 
combined 

DEC-Unit 1 separate 
from Unit 2: 
viability on all 
Unit 1 samples and 
Unit 2 continuous 
low pressure samples 

Unit 1 separate from 
Unit 2: viability on 
all Unit 1 samples 
and Unit 2 continuous 
low pressure samples 

Unit 1 collected sepa
rately from Unit 2 
but combined for 
viability 

Unit 1 collected sepa
rately from Unit 2 
but combined for 
viability 

Operating 
Mode 

Continuous 

NOV-Continuousj 
intermittent 
4-hr (20-min 
screen wash) ; 

DEC-Continuous; 
intermittent 
2-hr (10-min 
screenwash) 

Continuous; 
intermittent 
4-hr (20-min 
screenwash) 

OCT-Intermit
tent 4-hr 

DEC-Continuous; 
intermittent 
2-hrj 
intermittent 
4-hr (20-min 
screenwash) 

Continuous; 
intermittent 
2-hrj 
intermittent 
4-hr (20-min 
screenwash) 

Screenwash 
Pressures 

High pressure 
system: 30 psi 

Low pressure sys
tem: 10-39 psi 
and/or high 
pressure system: 
40-60 psi 

Low pressure sys
tem: 10-39 psi 
and/or high 
pressure system: 
40-60 psi 

Low pressure sys
tem: 10-39 psi 
and high pres
sure system: 
40-60 psi 

Low pressure sys
tem: 10-39 psi 
and high pres
sure system: 
40-60 psi 



Physico-Chemical 
Year Season Data Recording 

1975-76 DEC 75- Martek or YSI 
APR 76 once per com-

posite 

1976 NOV-DEC Martek or YSI 
with backup 
units same 
frequency as 
operational 
data 

1977 JAN-APR Martek or YSI 
with backup 
units same 
frequency as 
operational 
data 

1977 OCT-DEC Martek or YSI 
with backup 
units same 
frequency as 
operational 
data 

1978 JAN-MAY Martek or YSI 
with backup 
units same 
frequency as 
operational 
data 

TABLE A-1 (EXTENDED) 

Control Fish 
Collection Methods 

Seine, electroshock, 
trap net 

Seine, electroshock, 
trawl, impingement 

Impingement, 
trawl 

Trawl 

Trawl 

Control 
Characteristics 

30-min runs: 
adult white perch 
and gizzard shad 

10-, 20-, 30-min 
young-of-the-year 
white perch (all 
stations) 

20- and 30-min 
runs (all 
stations) 

1-, 10-, 15-, 
20-, and 30-min 
runs holding 
controls 

1-, 15-, 30-min 
runs holding 
controls 

Control Fish 
Identification 

Finclip 

Finclip and 
isolation with 
sluiceway bar
rier net 

Isolation with 
sluiceway bar
rier net 

Isolation with 
sluiceway bar
rier net 

Isola tion with 
sluiceway bar
rier net 

Holding 
Facilities 

Flow-through con
tainers 

Flow-through con
tainers 2x3 ft 
diameter cylin
drical tanks (for 
clupeid) 

Flow-through con
tainers, 2x3 ft 
diameter cylin
rical tanks (for 
clupeids) 

Flow-through con
containers, 2x3 
ft diameter cy
lindrical tanks 
(for excess--all 
species) 

2x3 ft diameter 
cylindrical tanks 
(for all species) 



TABLE A-1 (EXTENDED) 

Continuous Continuous 
Species Held for Mode Collection Mode Composite Recorded Operational Data 

Year Season Extended Survival Intervals Durations Sample Time Monitoring Frequency 

1975-76 DEC 75- All species 30 minutes 3 hours Termination of Hourly 
APR 76 collected the composite 

1976 NOV-DEC white perch, 30 minutes 2 hours Continuous: 2-hr intervals coin-
striped bass, mid time ciding with recorded 
Atlantic tomcod, Intermittent: sample time for con-
blueback herring, termination tinuous and 2-hr 
alewife Discharge Pipe: intermittent 

start time 

1977 JAN-APR white perch 30 minutes 2 hours Continuous: 2-hr intervals coin-
striped bass mid time ciding with recorded 
Atlantic tomcod Intermittent: sample time for con-
blueback herring termination tinuous and 2-hr 
alewife Discharge Pipe: intermittent 

start time 

1977 OCT-DEC OCT--blue crabs 30 minutes 2 hours Continuous: 2-hr intervals coin-
and hog chokers mid time ciding with recorded 
DEC--white perch, Intermittent: sample time for con-
striped bass, termination tinuous and 2-hr 
Atlantic tomcod, intermittent 
blueback herring, 
alewife 

1978 JAN-MAY All species 30 minutes 6 hours Continuous: At the designated 
collected midtime sample time 

Intermittent: 
termination 



Year Season 

1975-76 DEC 75-
APR 76 

Latent-Effects 
Observations 

6, 12, 24, 36, 48, 
and 96 hr 

1976 NOV-DEC 1 NOV--14 DEC 
12, 24, 48, 
96 hr 

1977 JAN-APR 

1977 OCT-DEC 

1978 JAN-MAY 

6 DEC--15 DEC 
12, 36, 60, 
108 hr 

12, 36, 60, and 
108 hr 

12, 36, 60, and 
108 hr 

12, 36, 60, and 
108 hr, there
after every 24 
hr for 2 wk 
( continuous 
mode) 

TABLE A-l (EXTENDED) 

Fish 
Length 

Measured to 
nearest mn 

Size classi
fications: 
young of year 
yearling 
adult 

Size classi
fications: 
young of year 
yearling 
adult 

Size classi
fications: 
young of year 
yearling 
adult 

Size classi
fication: 
young of year 
yearling 
adult 

Barrier Net 
Deployment 

None None 

Special 
Observations 

1.27 cm across December: subsamples 
Unit 2 

0.95 cm across 
Unit 1 

1.27 cm across 
Unit 2 

0.95 cm across 
Unit 1 

0.95 cm across 
Unit 1 and 
Unit 2 

0.95 across 
Unit 1 and 
Unit 2 

Special Control Study 
fed and non-fed rep
licates (with 1, 15, 
and 30 min and hold
ing controls) 

All experimental 
gro~ps fed; fed and 
non-fed control rep
licates when possible 

All experimental 
groups fed; fed and 
non-fed control rep
licates, observation 
of parasitism, fungus, 
bacteria, and stomach 

contents 



White perch, striped bass, and Atlantic tomcod were held for extended survi
val observations in the flow-through containers. Alewife and blueback her
ring were held in the cylindrical tanks. 

Control fish were collected primarily by short-duration trawl, although seine, 
electroshocker, and intake screens were also used. Fish collected by each 
method were held separately for 48-72 hours before use in tests. Control fish 
were finclipped, and sluiceway barrier nets were installed to separate control 
fish from impinged fish. Control fish were held in the collection net for 
10-, 20-, and 30-minute intervals. 

Impingement survival samples were collected every 30 minutes and combined as 
2-hour composites for the continuous wash mode. Collections made in November 
1976 combined impinged fish from Unit 1 and Unit 2. In December 1976, the 
intake and steel mesh baskets were modified to separate impinged fish col
lected at each unit. Latent effects were observed at Unit 1 under all three 
operational modes and at Unit 2 for the continuous low-pressure modes only. 

During the peak impingement period in December, it was necessary to subsample 
impingement collections, because of the limited space in the holding facilities. 
A maximum of 40 live and 40 stunned fish were selected at random to be ob
served for extended survival. The remaining fish were counted and identified, 
and their initial condition was recorded. 

Extended survival was monitored at 12, 24, 48, and 96 hours after collection 
from 1 November to 4 December, and at intervals of 12, 24-36, 48-60, and 
96-108 hours from 6 to 15 December. Test fish were classified by size groups: 
young of the year, yearling, or adult (see Subsection 4.1). 

A.3 JANUARY-DECEMBER 1977 

Collection and handling procedures for 1977 remained essentially unchanged 
from those used in November and December 1976. 

From 27 January to 8 April 1977, eight impingement survival surveys were con
ducted and extended survival was monitored at 12-, 36-, 60-, and 108-hour in
tervals. 

A separate control study was conducted on 31 March to evaluate collection and 
handling stresses for various exposure times. Control fish were subjected to 
the collection net in the impingement collection pit for 1-minute, 15-minutes, 
or 30-minutes. Test runs were replicated; fish from one set of replicates 
were fed freeze-dried tubifex worms and fish from the other set of replicates 
were not fed throughout the extended survival observations. The continuous 
high/low pressure screenwash was run during the control tests. Collections, 
sorting, and extended survival observations were conducted in the same manner 
as for impingement samples. 

Impingement survival studies were conducted 3 days per week for 2 weeks in 
December 1977. A different screenwash operational mode was tested on each 
day of a week's sampling effort. The modes tested were: continuous, inter
mittent 2-hour hold with a 20-minute screenwash, and intermittent 4-hour hold 
with a 20-minute screenwash. The screenwash pressure system was redesigned 
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and o~erated with the high-pressure system adjusted to approximately 4.2 
kg/cm (60 psi) and the low-pressure system set at approximately 2.1 (30 psi). 

Fish impinged at Unit 1 were collected separately from those impinged at Unit 
2 in order to provide separate abundance counts for each unit; however, ex
tended survival observations were made for the combined samples. Sluiceway 
barrier nets were used to separate control fish from impinged fish during col
lection. Control test durations included 1-, 15-, and 30-minute exposures 
and holding controls. When sufficient control fish were available, replicate 
experiments were conducted and fish from one set were fed. Control fish and 
all impinged test fish were fed Tetra brine-shrimp mix, freeze-dried Euphasia 
pacifica, or freeze-dried tubifex worms. Fish were held in flow-through hold
ing containers. When these containers were filled, excess test fish were held 
in the cylindrical tanks to avoid subsampling. Extended survival observations 
were made at 12, 36, 60, and 108 hours following collections. 

A.4 JANUARY-MAY 1978 

Impingement survival tests were conducted twice per month during January and 
February 1978 and four times in April. A special control fish study was con
ducted in May. Collection and handling procedures were essentially unchanged 
from those used in December 1977. The high/low pressure system was used dur
ing continuous, intermittent 4-hour, and intermittent 2-hour screenwash opera
tional modes. Cylindrical holding tanks were used for all species. The sam
pling regime, with associated screenwash operating modes was as follows: 

Day Sampling Period Operating Mode 

1 1700-0100 Continuous 
2 1300-1700 Intermittent 4-hr 
2 1700-2100 Intermittent 4-hr 
2 2100-2300 Intermittent 2-hr 
2 2300-0100 Intermittent 2-hr 

Collections were made every 30 minutes during the continuous screenwash and 
composited for the 6-hour sampling period. Collections from Unit 1 and Unit 
2 were combined for survival observations. Control fish were exposed to the 
collection net for 1-, 15-, and 30-minute intervals in addition to holding 
controls. All fish from test and control samples were fed, except when repli
cate control samples were obtained and only one set of controls was fed. 
Extended survival was monitored at 12-, 36-, 60-, and 108-hour intervals for 
all species collected. At the conclusion of the 108-hour observation, if 
more than 25 fish from the continuous screenwash tests remained alive, obser
vations were continued every 24 hours until 336 hours. 

All test fish were examined for external damage, and the presence of fungus 
and/or bacteria. A subsample of the dead fish removed at each observation 
was examined for internal parasites and presence of food in the stomachs. 
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APPENDIX B 

INITIAL AND 96-108-HOUR SURVIVAL DATA 
BY MONTH FOR THE BOWLINE POINT PLANT 

IMPINGEMENT STUDIES, 1975-1978 



TABLE B-1 WHITE PERCH SCREEN SURVIVAL AT THE BOWLINE POINT PLANT, 1915-1918 

Initial 
Year Screen oper~ttng Number Subsample Number Pro~ortion survivin~(C) 

Date Class{ a) Condition b Collected Size Alive Initial 96-10 -hr 

DEC 1915 YOY C 125 124 0.992±0.008 0.952±0.019 

JAN 1916 Y C 1 4 0.511±0.181 0.429±0.241 

FEB 1916 Y C 31 30 0.968±0.032 0.355±0.081 
MAR 1916 Y c 55 34 0.618±0.066 0.013±0.045 
APR 1916 Y c 118 115 0.983±0.010 0.421±0.031 
tDV 1916 YOY C 510 523 0.911±0.012 o .526±0 .022 

YOY 1-4 254 181 0.113±0.028 0.033±0.013 

DEC 1916 YOY c 5,312 1,144(d) 5,184 0.916±0.002 0.552±0.012 
YOY 1-2 2,383 104(d) 2,133 0.895±0.006 0.293±0.011 

JAN 1911 Y c 234 94 0.402±0.032 o .101±0 .032 

FEB 1911 Y C 1,622 1,411 0.901±0.001 0.265±0.012 

MAR 1911 Y c 73 55 0.153±0.050 0.096±0.040 

Y 1-4 193 118 0.922±0.019 0.012±0.019 

APR 1911 Y C 122 105 0.861±0.031 0.082±0.021 

DEC 1911 YOY C 418 463 0.969±0.008 0.319±0.023 
YOY 1-2 581 582 0.991±0.004 o. 189 ±o .016 
YOY 1-4 586 515 0.981±0.006 0.096±0.012 

JAN 1918 Y C 173 111 O. 988±0 .008 0.335±0.036 
Y 1-2 234 231 0.981±0.001 0.085±0.018 
Y 1-4 199 182 0.915±0.020 0.025±0.012 

FEB 1918 Y C 116 103 0.888±0.029 o. 103±0. 030 
Y 1-2 45 42 0.933±0.031 0.111±0.048 
Y 1-4 21 24 0.889±0.060 0.042±0.041 

(a) Y = yearling; YOY = young of the year. 
(b) C = continuous; 1-2 = intermittent 2-hour hold; 1-4 = intermittent 4-hour hold. 
(c) Proportion surviving = (live + stunned)/(live + stunned + dead); ± 1 standard error. 
(d) Subsample included live and stunned only. 



TABLE B-1 (CONT.) 

Initial 
Year Screen operfttng Number Subsample Number Pro~ortion survivi~(C) 

Date Class{a) Condition b Collected Size Alive Initial 96-10 -hI' 

APR 1918 Y C 852 823 0.966±0.006 
Y I-2 325 297 0.914±0.016 
Y I-4 335 281 0.839±0.020 

(a) Y = yearling; YOY = young of the year. 
(b) C = continuous; I-2 = intermittent 2-hour hold; I-4 = intermittent 4-hour hold. 
(c) Proportion surviving = (live + stunned)/(live + stunned + dead); ± 1 standard error. 
(d) Subsample included live and stunned only. 

0.505±0.022 
0.345±0.028 
0.140±0.021 



TABLE B-2 STRIPED BASS~REEN SURVIVAL AT THE BOWLINE POINT PLANT. lq7b-lq76 

Screenwash Initial 
operatinf Number Subsa~gte Number Proeortion survivigs(C) 

Date Condition a) Collected No. Alive Initial 96-10 Hour 

JAN 1976 C 1 1 1.000±0.0 0 
FEB 1976 C 30 30 1.000±0 .0 o. 100±0. 055 
MAR 1976 C 3 3 0.667±0.272 0 
APR 1976 C 8 8 1.000±0 .0 0.250±0.153 
NOV 1976 C 5 3 0.600±0.219 0.400±0.283 
DEC 1976 C 438 205 419 0.957±O.010 0.542±0.024 

1-2 269 124 249 O.926±0.016 0.250±0.027 

JAN 1977 C 52 31 o .596±0 .068 0.192±0.071 
FEB 1977 C 543 505 0.930±0.011 0.306±0.020 
MAR 1977 C 22 19 O. 864±0. 073 0 

1-4 109 106 0.972±0.016 0.018±0.On 
APR 1977 C 13 12 o .923 ±O .074 0.154±0.104 
DEC 1977 C 2 2 1.000±0.0 0.500±0.354 

1-2 15 15 1. OOO±O.O o • 133 ±o .088 
1-4 17 17 1.000±0.0 o • 176±0.092 

JAN 1978 C 16 14 0.875±0.083 0.250±0.116 
I-2 1 1 1.000±0.0 0 
1-4 5 5 1.000±0.0 0 

FEB 1978 C 17 15 0.882±0.078 0 
1-2 12 10 0.833±0.108 0.083±0.087 
I-4 9 8 o .889±0.105 0 

APR 1978 C 138 130 0.942±0.020 0.159±0.032 
1-2 56 50 0.893±0.041 0.161±0.052 
1-4 66 51 0.773±0.052 0.045±0.029 

(a) C = continuous; 1-2 = intermittent 2-hour hold; 1-4 = intermittent 4-hour hold. 
(b) Subsample includes live and stunned only. 
(c) Proportion surviving = (live + stunned)/(live + stunned + dead); ± 1 standard 

error. 



TABLE B-3 SURVIVAL OF OTHER IMPINGED SPECIES COLLECTED 
OCCASIONALLY AT THE BOWLINE POINT PLANT, 
1975-1978 

Screen 
Screen Initial 96-108 Hour 

operatinf NUllber Proportion Proportion 
Species Condition a) Collected Survivins(b) Survivins(C) 

Alewife Continuous III 0.756 0 
Intermittent 3 0.333 0 
Coabined 1111 0.727 0 

Three-spine stickleback Continuous 11 0.909 0.900 
Intermittent 7 0.857 0.833 
Combined 18 0.889 0.875 

Tesselated darter Continuous 12 1.000 1.000 
Inter.ittent 6 0.833 1.000 
Coabined 18 0.91111 1.000 

Banded killifish Combined 2 1.000 1.000 

HUlllllichog Collbined 10 1.000 0.900 

Goldfish Collbined 3 1.000 0 

SpottaU shiner Continuous 3 0.667 1.000 

White catfish Collbined 3 1.000 0.661 

Largemouth bass Interlllittent 1.000 0 

Red breast Continuous 1.000 0 

Bluegill Combined 5 1.000 0.1100 

Gizzard shad Combined 8 0.625 0 

American eel Combined 3 0.333 0 

Yellow perch Continuous 1.000 1.000 

Northern pipefish Continuous 1.000 1.000 

Blue crab Inter.ittent 1110 0.919 0.956 

(a) Intermittent mode combines 2-hour and 4-hour hold modes. 
(b) Proportion surv1v1ng = (no. live + no. stunned)/(no. live + no. stunned + no. dead). 
(c) Proportion surviving = (no. live + no. stunned)/initial no. alive. 



APPENDIX C 

EXTENDED SURVIVAL DATA FOR THE 
BOWLINE POINT PLANT IMPINGEMENT STUDIES, 

1975-1978 



TABLE C-1 EXTENDED SURVIVAL OF WHITE PERCH DURING IMPINGEMENT STUDIES AT THE BOWLINE 
POINT PLANT BY MONTH, 1975-1978 

Tiae of Observation 
Soreen(a) Initial 12 Hour 211-36 Hour 118-60 Hour 96-108 Hour 
Operating Nu.ber ProportifC Proportion Proportion Proportion 

~ Mode Alive No. Survivins ) No. Survivina ~ Surviving No. Surviving 

DEC 1975 C 124 1211 1.000 122 0.9811 121 0.976 119 0.960 

JAN 1976 C II 4 1.000. " 1.000 3 0.750 3 0.750 
FEB 1976 C 30 26 0.867 21 0.700 19 0.633 11 0.367 
HAR 1976 C 311 3" 1.000 6 0.176 6 0.176 " 0.118 
APR 1976 C 175 1711 0.9911 129 0.137 112 0.6110 76 0.II3/i 
NOV 1976 C 523 1116 0.795 370 0.707 318 0.608 300 0.57/i 

I-/i 181 811 0.II6/i 117 0.260 39 0.215 311 0.188 
DEC 1976 C 1,7115 1,361 0.780 1,150 0.659 1,056 0.605 96/i 0.552 

1-2 7011 51111 0.713 3115 0.1190 283 0."02 206 0.293 

JAN 1977 C 96 79 0.823 45 0.1169 32 0.333 2" 0.250 
FEB 1977 C 1,1169 1,218 0.829 89" 0.609 606 0.1112 1132 0.29/i 
HAR 1971 C 55 33 0.600 12 0.218 10 0.182 7 0.127 

1-4 118 1511 0.865 81 0.1155 119 0.275 14 0.079 
APR 1971 C 105 68 0.6118 22 0.209 15 0.1113 10 0.095 
DEC 1971 1-2 582 535 0.919 2511 0.1136 152 0.261 111 0.191 

1-4 578 1159 0.7911 13" 0.232 72 0.125 56 0.097 
c 1163 370 0.799 239 0.516 201 0./i3" 181 0.391 

JAN 1978 1-2 231 225 0.97" 71 0.307 39 0.169 20 0.086 
1-4 182 100 0.5119 18 0.099 11 0.060 5 0.027 
c 171 154 0.900 116 0.678 80 0.1168 58 0.339 

FEB 1978 1-2 112 311 0.809 11 0.262 11 0.262 5 0.119 
1-4 24 12 0.500 " 0.167 2 0.833 0 0 
c 103 89 0.8611 32 0.311 23 0.223 12 0.116 

APR 1978 1-2 297 224 0.7511 1111 0."75 1211 0.1117 112 0.371 
I-II 281 157 0.559 76 0.270 57 0.203 "7 0.167 
c 823 678 0.8211 5116 0.663 /i76 0.578 430 0.522 

(a) C = continuous; 1-2 = intermittent 2-hour hold; 1-4 = intermittent 4-hour hold. 
(b) Proportion surviving = (live + stunned)/initial number alive. 



TABLE C-2 WHITE PERCH CONTROL EXTENDED SURVIVAL AT THE BOWLINE POINT PLANT, 1975-1978 

Initial 
Duration Number ProEortion Surviving(b) 

Date Life Stage(a) (Minutes) Alive 12 Hour 24-36 Hour 48-60 Hour 96-108 Hour 

DEC 1975 YOY 30 5 1.000±0.0 1.000±0.0 1.000±0.0 1.000±0.0 
NOV 1976 YOY 20 29 0.483±0.093 0.483±0.093 0.414±0.091 0.276±0.830 

YOY 30 36 0.861±0.058 0.722±0.075 0.667±0.078 0.667±0.078 
DEC 1976 YOY 10 103 0.524±0.049 0·330±0.046 0.301±0.O45 0.214±0.040 

YOY 30 120 0.633±0.044 0.475±0.046 0.433±0.045 0.342±0.043 
JAN 1977 Y 30 68 0.573tO.060 0.368tO.058 0.338tO.057 0.250tO.052 
FEB 1977 Y 30 94 0.585tO.051 0.404tO.051 0.298to.047 0.202tO.041 
MAR 1977 Y 1 49 1.000tO.0 0.796tO.058 0.592tO.070 0.408to.070 

Y 15 46 1.000tO.0 0.652tO.070 0.261tO.065 0.196tO.058 
Y 30 48 1.000tO.0 0.562±0.072 0.417t O.071 0.312tO.067 
Y 0 42 1.000tO.0 0.595tO.076 0.452tO.077 0.381 t O.075 

APR 1977 Y 30 23 0.522tO.104 0.348tO.099 0.217tO.086 o . 130tO .070 
DEC 1977 YOY 0 127 0.937t O.022 0.882tO.029 0.874tO.029 0.795±0.036 

YOY 1 27 0.926tO.050 0.926to.050 0.926to.050 0.815tO.075 
YOY 20 93 0.860±0.036 0.710tO.047 0.602tO.051 0.548to.052 
YOY 30 66 0.742tO.054 0.651tO.059 0.576tO.061 0.379tO.060 

JAN 1978 Y 1 25 0.880tO.065 0.720tO.090 0.720tO.090 0.320tO.093 
Y 15 30 0.967tO.033 0.833tO.068 0.800tO.073 0.500tO.091 
Y 30 25 0.920tO.054 0.720tO.090 0.640tO.096 0.160tO.073 

FEB 1978 Y 30 5 0.400tO.219 0.400tO.219 o .200tO .179 0.200±0.179 
APR 1978 Y 0 89 0.955tO.022 0.865tO.036 0.831tO.040 0.800to.042 

Y 1 94 1.000±0.0 1.000tO.0 1.000tO .0 0.915tO.029 
Y 15 121 0.760±0.039 0.661tO.043 0.603±0.044 0.570t O.045 
Y 30 217 0.728tO.030 0.548to.034 0.488to.034 0.415±0.033 

MAY 1978 Y 1 66 1.000to.0 0.833t O.046 0.803t O.049 0.712tO.056 
Y 15 48 1.000tO.0 0.937t O.035 0.833t O.054 0.604±0.071 
Y 30 80 1.000tO.0 0.800to.045 0.762±0.048 0.537t O.056 

(a) Y = yearling; YOY = young of the year. 
(b) Proportion surviving (normalized) = (live + stunned)/initial number alive; 

values indicate survival t 1 standard error. 



APR 

HAY 

TABLE C-3 PROPORTION OF WHITE PERCH SURVIVING DURING LONG-TERM EXTENDED HOLDING AT THE BOWLINE POINT 
PLANT, 1978 

Screen Initial 
operattn, NUliber Number Pro2ortion Survivins(b) 

Mode a Collected Alive 12 Hour 36 Hour 60 Hour 108 Hour 132 Hour 156 Hour 180 Hour 20ij Hour 

C 793 769 0.8511:1:0.013 0.689:1:0.017 0.603:1:0.018 0.5116:1:0.018 0.1189:1:0.018 0 ..... 7:1:0.018 0."02:1:0.018 0.397:1:0.018 

1-2 117 101 0.891:1:0.035 0.36":1:0.0118 0.228:1:0.0"2 0.188:1:0.039 0.158:1:0.037 0.158:1:0.036 0.139:1:0.034 0.109:1:0.035 

I-II 164 146 0.651:1:0.039 0.2117:1:0.036 0.157:1:0.030 0.089:1:0.02_ 0.0118:1:0.018 0.048:1:0.018 0.041:1:0.016 0.03/U:0.015 

CNTR (Hold) 89 89 0.955:1:0.022 0.865:1:0.036 0.831:1:0.040 0.798:1:0.043 0.798:1:0.0"3 0.775:1:0.0411 0.708:1:0.0"8 0.67":1:0.050 

CNTR (1 min) 94 911 1.000:1:0.0 0.979:1:0.015 0.957:1:0.020 0.915:1:0.029 0.862:1:0.036 
CNTR (30 min) 93 93 0.989:1:0.011 0.935:1:0.026 0.882:1:0.033 0.763:1:0.01111 0.699:1:0.0116 

CNTR (1 min) 66 66 
__ (0) 0.833:1:0.046 0.803:1:0.0119 0.712:1:0.056 0.667:1:0.058 0.667:1:0.058 0.606:1:0.060 

CNTR (15 min) 48 48 0.937:1:0.035 0.833:1:0.0511 0.6011:1:0.071 0.521:1:0.072 0."58:1:0.072 0.375:1:0.070 
CNTR (30 lIin) 80 80 O. 80():l:0. 0115 0.762:1:0.0118 0.537:1:0.056 0.462:1:0.056 0.412:1:0.055 0.387:1:0.05" 

(a) C = continuous; 1-2 = intermittent 2-hour hold; 1-4 = intermittent 4-hour hold; CNTR = control. 
(b) Proportion surviving = live + stunned/initial no. alive; ± standard error. 
(c) Dashes indicate no observation made. 



TABLE C-3 (CaNT.) 

Screen Initial 
ProEortion Survivins(b) Operatt~ Number Number 

Mode a Collected Alive 228 Hour 252 Hour 276 Hour ..],00 Hour 324 Hour 

APR C 793 769 O. 363±0 .017 0.320±0.017 0.285±0.016 0.247±0.015 o .077±0.01O 
1-2 117 101 O. 079±0. 027 O. 079±0. 027 0.069±0.025 0.040±0.019 0.040±0.019 
1-4 164 146 0.034±0.015 0.034±0.015 0.034±0.015 0.027±0.014 0.007±0.007 

CNTR (Hold) 89 89 0.371±0.051 0.371±0.051 0.202±0.043 0.146±0.037 

(a) C = continuous; 1-2 = intermittent 2-hour hold; 1-4 = intermittent 4-hour hold; CNTR-= control. 
(b) Proportion surviving = live + stunned/initial no. alive; ± standard error. 



TABLE C-4 EXTENDED SURVIVAL FOR STRIPED BASS DURING IMPINGEMENT STUDIES AT 
THE BOWLINE POINT PLANT BY MONTH, 1915-1918 

Tiae of Observation 
Initial 12 Hour 2ij-3~ Hour /!5~0 Hour 9~-105 Hour 

Screen Number Survival Survival Survival Survival 
Condition(a) Alive No. Pr020rtion(b) No. Pr02ortion No. Pr02ortion No. Pr02ortion 

JAN 1976 C 1 1 1.000 1 1.000 0 0 0 0 
FEB 1976 C 30 22 0.733 8 0.267 6 0.200 3 0.100 
HAR 1976 C 2 2 1.000 0 0 0 0 0 0 
APR 1976 C 8 5 0.625 II 0.500 2 0.250 2 0.250 
NOV 1976 C 3 2 0.667 2 0.667 2 0.667 2 0.667 
DEC 1976 CNTR 30 20 0.667 8 0.267 7 0.233 5 0.167 

1-2 1211 91 0.7311 116 0.371 39 0.3111 31 0.250 
C 205 169 0.821t 1110 0.683 121 0.590 112 0.5/!6 

JAN 1977 CNTR 2 1 0.500 1 0.500 1 0.500 1 0.500 
C 31 28 0.903 18 0.581 13 0.1119 10 0.323 

FEB 1977 C 505 1170 0.931 36_ 0.721 228 0._51 166 0.329 
HAR 1977 CNTR 6 6 1.000 /! 0.667 3 0.500 2 0.333 

I-II 106 99 0.93- 21 0.198 5 0.0117 2 0.019 
C 19 7 0.368 2 0.105 0 0 0 0 

APR 1977 CNTR /! II 1.000 2 0.500 1 0.250 0 0 
C 12 7 0.583 5 0.1117 3 0.250 2 0.167 

DEC 1977 CNTR 1 1 1.000 1 1.000 1 1.000 0 0 
1-2 15 10 0.667 6 0.1100 " 0.267 2 0.133 
I-II 17 11 0.6"7 5 0.2911 3 0.176 3 0.176 
C 2 2 1.000 2 1.000 1 0.500 1 0.500 

JAN 1978 CNTR 1 0 0 0 0 0 0 0 0 
1-2 1 1 1.000 0 0 0 0 0 0 
I-II 5 0 0 0 0 0 0 0 0 

C 111 111 1.000 9 0.6113 8 0.511 

-
0.286 

FEB 1918 1-2 10 9 0.900 2 0.200 1 0.100 1 0.100 
I-II 8 " 0.500 1 0.125 1 0.125 0 0 

C 15 11 0.733 5 0.333 1 0.067 0 0 
APR 1978 CNTR 29 18 0.621 12 0.11111 11 0.379 11 0·319 

1-2 50 18 0.360 111 0.280 12 0.2110 9 0.180 
I-II 51 8 0.157 5 0.098 3 0.059 3 0.059 
C 130 117 0.361 30 0.231 26 0.200 22 0.169 

HAY 1918 CNTR II /! 1.000 1 0.250 1 0.250 0 0 

fa) C = continuous; CNTR = control; 1-2 = intermittent 2-hour hold; 1-4 = intermittent 4-hour hold. 
(b) Survival proportion = (no. live + no. stunned)/initial no. alive. 



TABLE C-5 EXTENDED SURVIVAL FOR STRIPED BASS DURING IMPINGEMENT STUDIES AT THE BOWLINE POINT PLANT BY SEASONAL 
MONTH GROUP, 1975-1978 

Time of Observation 
Initial 12 Hour 24-36 Hour 1t8-60 Hour 

Screen Numb?r survivat Survival Survival 
Condi tion (a) Ali ve b) No. ProEortion c) No. ProEortion No. Proportion 

NOV-DEC C 210 173 0.824±0.017(d) 144 0.686±0.032 124 0.590±0.031t 
1-2 139 101 0.727±0.038 52 0.374±0.041 1t3 0.309±0.039 
I-It 17 11 0.647±0.116 5 0.294±0.111 3 0.176±0.092 

JAN-FEB C 596 577 0.968±0.007 It 05 0.679±0.019 256 0.429±0.020 
1-2 11 10 0.909±0.087 2 0.182±0.116 1 0.091±0.087 
I-It 13 It o. 308 ±O. 1 28 1 0.077±0.071t 1 0.077±0.071t 

MAR-APR C 172 68 0.395±0.037 41 0.238±0.032 31 0.180±0.029 
1-2 50 18 0.360±0.068 lit 0.28 ±0.063 12 0.21t ±0.060 
I-It 157 107 0.681±0.037 26 0.166±0.030 8 0.051±0.017 

(a) C = continuous; 1-2 = intermittent 2-hour hold; I-It = intermittent It-hour hold. 
(b) Alive refers to live + stunned. 
(c) Survival proportion = (live + stunned)/initial no. alive. 
(d) Proportion surviving ± standard error. 

96-108 Hour 
Survival 

No. Proportion 

115 0.5lt8±0.031t 
33 0.237±0.036 
3 0.176±0.092 

183 o. 307±0. 019 
1 0.091±0.087 
0 0 

26 0.151±0.027 
9 0.18 ±0.051t 
5 0.032±0.011t 



TABLE C-6 EXTENDED SURVIVAL FOR HOGCHOKER, RAINBOW SMELT, AND ATLANTIC TOMCOD IN IMPINGEMENT 
SURVIVAL STUDIES AT THE BOWLINE POINT PLANT 

Screen Initial ProEortion Survivins(c) 
Operafi~g Numbfr Time of Observation (hr) 

Mode a Alive b) 12 24-36 48-60 96-108 

Hogchoker 1-4 124 1.000±0.0 1. OOO±O.O 1. Ooo±O.O 0.831±O.034 

Rainbow smelt C 530 0.353±0.021 0.207±0.018 0.147±0.O15 0.038±0.008 
1-2 137 O. 562±0. 042 o. 248±0. 037 0.117±0.027 O.O15±0.010 
1-4 101 0.228±0.O42 0.O79±0.O27 0.O40±O.O19 0.020±O.014 

Atlantic toocod C 111 O. 955±0. 020 O. 955±0. 020 O. 946±0. 021 0.901±0.028 
1-2 8 1.000±0.0 1.000±0.0 1.000±0.0 1.000±O.0 
1-4 5 1.000±0.0 1. Ooo±O.O O. 800±O. 179 0.6oo±0.219 

(a) C = continuous; 1-2 = intermittent 2-hour hold; 1-4 = intermittent 4-hour hold. 
(b) Alive includes all live and stunned organisms. 
(c) Proportion surviving (normalized) = (live + stunned)/initial no. alive; 

± 1 standard error. 



APPENDIX D 

DATA USED IN THE ANALYSIS OF PHYSICOCHEMICAL 
VARIABLES AND IMPINGEMENT SURVIVAL AT THE 

BOWLINE POINT PLANT, 1975-1978 
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TABLE 0-1 WHITE PERCH DATA USED FOR LINEAR REGRESSION ANALYSIS OF RELATIONSHIP BETWEEN 
PHYSICOCHEMICAL VARIABLES AND SURVIVAL 

Mean Mean Water 
Conductivity(b) Conductivity Temperature(b) 

Date(a) (llmho ) (In[x)) (C) 

11 DEC 75 1,013 6.921(e) 5.7(f) 
17 FEB 76 159 5.069( ) 3.1 
29 MAR 76 133 4.890 e 7.3 

1 APR 76 139 4.934(e) 8.1 
15 APR 76 615 6.422(e) 10.3 
1 NOV 76 137 4.920(e) 9.6 
8 NOV 76 127 4.844(e) 7.1 

15 NOV 76 499 6.213(e) 7.3(f) 
2 DEC 76 1,026 6.933(e) 4.0(f) 
6 DEC 76 668 6.504(e) 4.1 (f) 

13 DEC 76 368 5.908 1. 7 ( ) 
27 JAN 77 1,958 7.580 0.9/) 
3 FEB 77 1,961 7.581 1.2 f 

10 FEB 77 2,089 7.644 1.9(f) 
24 FEB 77 1,413 7.253 2.9(f) 
24 MAR 77 155 5.043(e) 4.9 
7 APR 77 128 4.852(e) 7.4 
7 DEC 77 1,570 7.359 3.4(f) 

14 DEC 77 390 5.966(e) 3.6(f) 
19 JAN 78 396 5.981 1.2(f) 
26 JAN 78 772 6.649 2.1(f) 

(a) Includes dates when total number collected was >10. 
(b) Average of values between 0 and 108 hours. 

Hean Air 
Temperature( c) 

(C) 

3.2 
3.0 
8.7 
4.5 

16.7 
0.6 

-3.4 
0.6 

-8.3 
0.8 

-12.9 
-6.8 
-0.2 
-0.7 
6.2 

-4.8 
4.4 

-5.3 
4.4 

-4.4 
-4.0 

(c) Average of initial values. 
(d) (no. live + no. stunned)/(no. live + no. stunned + no. dead). 
(e) Used in analysis group when temperatures were >4.5 C. 
(f) Used in analysL~ group when temperatures were <4.5 C. 

96-108-~ 
Survival d) 

0.952 
0.355 
0.073 
0.079 
0.617 
0.145 
0.434 
0.644 
0.683 
0.773 
0.155 
0.114 
0.187 
0.189 
0.343 
0.096 
0.082 
0.588 
0.317 
0.0 
0.356 



TABLE D-l (CONT.) 

Mean Mean Water 

Date(a) 
Conducti vity(b) Conductivity Temperature (b) 

O.moo ) (In [x] ) (C) 

2 FEB 78 96 4.564 1.0(f) 
9 FEB 78 179 5.187( ) 1.2(f) 
6 APR 78 110 4.700(e) 6.5 

13 APR 78 133 4.890 e 9.2 
20 APR 78 2,540 7.840(e) 8.4 
27 APR 78 533 6.278(e) 11.2 

(a) Includes dates when total number collected was >10. 
(b) Average of values between 0 and 108 hours. 
(c) Average of initial values. 

Mean Air 
Temperature(c) 

(C) 

-8.9 
-7.2 
6.9 

11.5 
8.1 
7.2 

(d) (no. live + no. stunned)/(no. live + no. stunned + no. dead). 
(e) Used in analysis group when temperatures were >4.5 C. 
(f) Used in analysis group when temperatures were <4.5 C. 

UlIUU Inj.JU"!C"" 

96-108-?r 
Survival d) 

0.109 
0.097 
0.098 
0.167 
0.922 
0.545 



TABLE D-2 WHITE PERCH CONTROL DATA USED FOR LINEAR REGRESSION ANALYSIS 
OF RELATIONSHIP BETWEEN PHYSICOCHEMICAL VARIABLES AND SURVIVAL 

Mean Conductivity Mean Water 
Date(a) Conductivit:t:(b) [In(x) ] Temeerature(b) 

8 NOV 76 132 4.883(d) 7.2 ( ) 
2 DEC 76 1,026 6.933(d) 4.0(e) 
6 DEC 76 660 6.492(d) 4.0 e 
7 DEC 76 602 6.400(d) 4.1(e) 

13 DEC 76 384 5.951 2.0(e) 
27 JAN 77 1,976 7.589 1.1(e) 
3 FEB 77 1,960 7.581 0.7(e) 

10 FEB 77 2,130 7.664 2.5(e) 
31 MAR 77 426 6.054(d) 6.6 
7 APR 77 130 4.867(d) 7.6 
7 DEC 77 1,560 7.352 3.3(e) 

14 DEC 77 380 5.940(d) 3.6(e) 
26 JAN 78 910 6.813 2.0(e) 
6 APR 78 109 4.961 (d) 6.5 

13 APR 78 132 4.883(d) 9.0 
20 APR 78 2,540 7.840(d) 8.4 
27 APR 78 532 6.277(d) 11.3 

(a) Includes dates when total number collected was > 10. 
(b) Average of values from 0 to 108 hours. 

98-108-hr 
Survival(c) 

0.656 
1.00 
0.429 
0.091 
0.159 
0.250 
0.182 
0.294 
0.312 
0.130 
0.286 
0.484 
0.040 
0.207 
0.027 
1.00 
0.562 

(c) (no. live + no. stunned)/(no. live + no. stunned + no. dead). 
(d) Used in analysis group when water temperatures were> 4.5 C. 
(e) Used in analysis group when water temperatures were < 4.5 C. 



TABLE D-3 STRIPED BASS DATA USED FOR LINEAR REGRESSION ANALYSIS OF 
RELATIONSHIP BETWEEN PHYSICOCHEMICAL VARIABLES AND SURVIVAL 

Mean Conductivity Mean Water 
Date(a) Conductivitil(b) In(x) Tem:eerature (b) 

11 FEB 16 159 5.069 3.1(d) 
2 DEC 16 1,026 6.933(e) 4.0(d) 
6 DEC 16 668 6.504(e) 4.1(d) 

13 DEC 16 368 5.908 1.1(d) 
21 JAN 11 1,958 1.580 0.9(d) 
3 FEB 11 1,961 1.581 1.2(d) 

10 FEB 11 2,089 1.644 1.9(d) 
24 FEB 11 1,413 1.253( ) 2.9(d) 
24 MAR 11 155 5.043 e 4.9 
1 APR 11 128 4.852(e) 1.4 

26 JAN 18 112 6.648 1.4(d) 
6 APR 78 110 4.100(e) 6.5 

13 APR 18 133 4.890(e) 9.2 
20 APR 18 2,540 1. 840( e) 8.4 
21 APR 18 533 6.219(e) 11.2 

(a) Includes dates when total number collected was > 10. 
(b) Average of values from 0 to 108 hours. 

98-108-hr 
Survival(c) 

0.100 
0.906 
0.814 
0.139 
0.192 
0.112 
0.220 
0.401 

0 
0.118 
0.333 
0.014 

0 
0.536 
0.316 

(c) (no. live + no. stunned)/(no. live + no. stunned + no. dead). 
(d) Used in analysis group when temperatures lolere < 4.5 C. 
(e) Used in analysis group when temperatures were> 4.5 C. 



TABLE D-4 HInTE PERCH IDLDING OONTP.OL DATA USED FOR LINEAR REGRESSION 
ANALYSIS OF RELATIONSHIP BETWEEN PHYSICOCHEMICAL VARIABLES 
AND SURVIVAL 

Mean Conductivity Mean Water 98-108-hr 
Date(a) Conducti V1t:/b) In(x) Tem12erature(b) Survival(c) 

31 MAR 77 426 6.054 6.6 0.786 
7 DEC 77 1,560 7.352 3.3 0.893 
8 DEC 77 1,700 7.438 3.0 0.957 

14 DEC 77 380 5.940 3.6 0.667 
15 DEC 77 280 5.635 3.3 0.788 
16 DEC 77 280 5.635 3.1 0.640 
20 APR 78 2,540 7.840 8.4 1.00 
27 APR 78 532 6.277 11.3 0.833 

(a) Includes dates when total number collected was > 10. 
(b) Average of values from 0 to 108 hours. 
(c) (no. live + no. stunned)/(no. live + no. stunned + no. dead). 



APPENDIX E 

SUMMARY OF NUMERICAL DIFFERENCES BETWEEN 
PREVIOUS REPORTS AND THE DATA BASE 

USED IN THIS REPORT 



TABLE E-1 NUMBER OF IMPINGED WHITE PERCH COLLECTED COMPARED WITH PREVIOUS PUBLICATIONS 

Initial Number 
Corrections to 

Wash EA 1917, EA 1977, King et ale 
Date Mode ORU 1977 ORU 1977 1978 

1976 

JAN C-H 7 
FEB C-H 31 
MAR C-H 55 
APR C-H 221 (a) 178 
NOV C 557(b) 575(c) 

I-4 237(b) 257(d) 
DEC C 5,313(b) 5,312 

I-2 2,383 
NOV-

DEC C 5,870(b) 5,887(c) 
I-2 2,383(b) 2,383 
I-4 237 257(d) 254 

1977 

JAN-
MAR C 1,855 

(a) Includes 43 fish from tagging mortality study. 
(b) Numerical error in original data analysis. 
(c) Includes 5 adults. 
(d) Includes 3 adults. 
(e) Includes 18 fish originally classified as yearling. 

Initial Number 
Alive for SubsamEle 

Computer King et ale Computer 
Final 1978 Final 

7 
31 
55 

178 
570 
254 

5,312 

5,882 2,253( ) 2,268 
2,383 705 b 704 

254 181 181 

1,929 (f) 



TABLE E-2 NUMBER OF IMPINGED STRIPED BASS COLLECTED COMPARED WITH PREVIOUS PUBLICATIONS 

Initial Number 
Corrections to 

Wash EA 1977, EA 1977, King et al. 
Date Mode ORU 1977 ORU 1977 1978 

1976 

JAN C-H 4(a) 
FEB C-H 31(a) 
MAR C-H 3 
APR C-H 7 
NOV C 5 
DEC C 412(a) 438 412(a) 

1-2 269 256(a) 

1977 

JAN-
MAR C 617(a) 

(a) Numerical error in original data analysis. 
(b) Includes one yearling and two age groups II. 

Computer 
Final 

3(b) 
30 
3 
7 
5 

438 
269 

628 

(c) Subsampling not taken into account in original analysis. 

Initial Number 
Alive for SubsamEle 

King et al. Computer 
1978 Final 

393 (c) 205 
237(c) 124 
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SUMHARY OF CONCLUSIONS 

1. Field studies best represent the thermal plume from Bowline Point; plume 

measurements were taken under a wide range of seasons, river conditions and 

plant capacities, including maximum capacity. The studies indicate the 

wide variation in the plume and, using the worst-case surveys suggest the 

following conclusions: 

a. No violation of the New York State thermal criteria regarding maximum 

surface temperature (90 F), percent surface width (67%), or percent 

cross-sectional area (50%) is expected to occur (Table 4-9). 

b. The average surface area of the 24 F (2.2 C) temperature rise isotherm 

is 4.63 acres. The ratio of this area to the surface area encompassed 

by one upstream and one downstream tidal excursion is 1:1528. The 

average volume of the 24 F (2.2 C) temperature rise isotherm is 

26.2 acre-ft. The ratio of this volume to the volume encompassed by 

one upstream and one downstream tidal excursion is 1:5620. Areal and 

volumetric dimensions of other boundary isotherms are given in Table 

4-3. 

c. The portion of the receiving water body in the vicinity of the Bowline 

Point discharge which is within the 2 C (3.6 F) temperature rise 

isotherm 30% or more of the time is approximately 2 acres at the 

surface. 

2. Mathematical model studies used to predict the thermal plume before opera

tion of Bowline Point are generally conserative when compared to the 

measured field results, i.e., the model predicted higher temperatures 

and/or larger areas subject to plant-induced temperature rises. 
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3. Hydraulic model studies used to help design the original diffuser and 

predict the thermal plume compare favorably with the field studies. 

Although the model yielded slightly higher average predictions, the field 

results fell within the range of the model predictions (Table 4-9). 

4. Far-field temperature rise from the maximum capacity operation of all 

plants on the mid-Hudson estuary is 1.6 F at Bowline Point and 0.4 F for 

the operation of only Bowline Point. 

5. The average recirculation at Bowline Point is approximately 13%. The 

maximum recirculation is 19.8% under full plant flow and narrow winter 

plume width. Analyses indicates that increased plant flow increases 

recirculation, although this is not a direct relationship. 

6. There is an insignificant DO loss through the plant (0.02 to 1.50 mg/l) 

which causes no effect on river DO. The operation of the chlorination 

system at Bowline has no effect on the river. 
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1. INTRODUCTION 

This report is a documentation of the temperature distribution in the Hudson 

River as it is affected by the operation of the Bowline Point Generating 

Station. It begins with a brief description of the Bowline Point plant, its 

location, and the river physics, and continues with a discussion of the field 

studies and mathematical and hydraulic models which have been used to establish 

the thermal effects due to the operation of the plant. F'ield and model studies 

are also considered as they relate to the New York State thermal criteria. 

The zone of discharge (as defined by U.S. EPA) and time-temperature profile are 

presented. In addition, recirculation is discussed and presented. A short 

description of the plant's effect on dissolved oxygen in the river and the 

effect of chlorination is given. 
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2. PLANT DESCRIPTION 

2.1 LOCATION 

The Bowline Point Generating Station is located on the west bank of the Hudson 

River (at milepoint 37.5) in the Town of Haverstraw and Village of W. Haver

straw (Rockland County), New York. Figure 2-1 shows the location of the 

Bowline Point Generating Station. 

2.2 DESCRIPTION 

The plant consists of two 600-MW units, each capable of being fired by oil and 

natural gas. Unit 1 has been in operation since September 1972 and Unit 2 

began commercial operation in May 1974. 

Orange and Rockland Utilities, Incorporated (O&R), and the Consolidated Edison 

Company of New York own the plant as tenants-in-common, with ownership being 

one-third and two thirds, respectively. The plant is operated and maintained 

by O&R. 

2.3 DISCHARGE SYSTEM 

The two diffusers, for Units 1 and 2, are located in the Hudson River approxi

mately 2,500 ft east of the plant, approximately 1,400 ft offshore (Figure 

2-2). Each diffuser is steel pipe, 10 ft, 6 inch ID, with a 5/8-inch wall and 

220 ft long. Each diffuser contains a total of eight discharge nozzles (Figure 

2-3), each 3 ft in diameter at its outlet. All nozzles are angled 5 degrees 

upward from the horizontal to minimize scouring of the river bottom. A summary 

of plant operational conditions is given in Table 2-1. 
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TABLE 2-1: PLANT OPERATIONAL DATA 
BOWLINE POINT GENERATING STATION - 1974 

OPERATING CHARACTERISTICS 

Nominal Net Generating Capacity Rating, MWe 
Maximum Gross Generating Capacity Rating, MWe 
Cooling Water Flow Rate (3 pumps) gpm 

Condenser 
Service Water 

Heat Rejection Rate, Btu/Hr 
Cooling Water Temperature Rise, F 

INTAKE CHARACTERISTICS 

Type of Intake 
Maximum Approach VelOCity to the Screens, fps 
Pipe Diameter from Intake to Condenser, ft 
Total flow, gpm (efs) 

OUTFALL CHARACTERISTICS 

Length of Main Tunnel from Existing Hudson 
River Shoreline, ft 

Tunnel VelOCity, fps 
Length of Diffuser, ft 
Number of Diffuser Ports 
Inside Diameter of Diffuser Ports, ft 
Port Spacing, ft 
Initial Jet VelOCity, fps 
Total Diffuser Flow, gpm 
Average Depth of Port Centerline Below 

Mean Low Water, ft 
Average Depth to River Bottom Below 

Mean Low Water, ft 
Port Temperature Rise Above River Ambient, F 

UNITS 1 & 2 (EACH) 

600 
620 

375,620 
8,480 

2.82 x 109 

14.9 

Shoreline 
0.77 
10.5 

384, 100 (856) 

1,400 
9.9 
220 

8 
3 
25 
15 

384,000 

15 

21 
14.9 



The final design of a submerged diffuser was chosen after extensive study 

indicated that such a design would provide maximum dilution of the thermal 

discharge. 

2.4 COOLING WATER FLOW CHARACTERISTICS 

Three circulating water pumps are associated with each unit, and there are 

three acceptable modes of operation, since at least two pumps must be running 

to permit reliable and safe operation of a unit. Based on the circulating 

water pump characteristic curves and the circulating water system head loss 

curves (shown in Figure 2-4), the following table summarizes the cooling 

water system flows and the total dynamic head (TDH) associated with the four 

possible modes of operation: 

Cooling Water Hate Qer .!lnit 
Per Minute Per Hour Per Day TDH 

No. of Pumps (gpm) (gph) (gpd) ..llil 

3 384,000 23,040,000 552,960,000 35 
2 316,000 18,960,000 455,040,000 22.4 

2 (throttled) 257,000 .15,420,000 370,080,000 35 
1 185,000 11,100,000 266,400,000 10.4 

The above table also demonstrates that each circulating water pump tends to 

pump more water as the total system flow and head losses decrease. During the 

warmest months, the last two weeks in June through the first two weeks in 

September, three pumps are run to keep temperature rise across the condenser 

and river temperature rise to a minimum. For the remainder of the year, only 

two pumps are run to meet all operating requirements. Under restrictive 

operating constraints for aquatic studies, the circulating water system has 

been operated with two pumps running and the condenser discharge valve throt-

tIed to reduce system flows to a minimum without jeopardizing generating system 
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reliability. Although the two-pump-throttled mode of operation is not optimal 

from an operating point of view, it is an operating option available to reduce 

river water flow through the system during the cooler months of the year. 

2.5 HEAT REJECTION 

Electricity is the product of power imparted to the turbine-generator system by 

steam that has been produced in the boiler by the burning of oil or gas. The 

thermal cycle of a steam electric generating plant requires the rejection of 

all heat in the boiler that is not converted to electricity by the turbine-

generator system. 

The condenser heat transfer system completes the thermal cycle by cooling the 

spent steam that has passed through the turbine to a liquid for re-entry into 

the boiler by the feedwater pumps. The mode of heat rejection required for a 

given energy input varies somewhat with the ambient air temperature. During 

the colder winter months, steam heat is utilized to preheat air and oil before 

entry into the boiler. At this time, although the plant must essentially 

reject the same amount of heat, a greater portion of the total rejected heat is 

emitted to the air and a correspondingly smaller portion to the cooling water. 

During the warmer summer months, air and oil preheating are at a minimum, 

resulting in a greater heat rejection to the cooling water. 

The heat rejection rates for the various modes of pump operation for 

the months of April-August were calculated in the following manner: 

Heat Rejected (Btu/hr) = Mass Flow (lb/hr) 
x Specific Heat of H

2
0 (Btu/lb.F) 

x delta-T (F). 
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Figures 2-5 through 2-7 show heat rejection versus net megawatt output. 

These graphs were calculated using linear regression analysis methods applied 

to actual temperature changes across the condenser and the associated flow 

rates. Due to the minimum flow limitations for boiler feedwater, the gener

ators are not operated on a continuous basis below approximately 150 MW. The 

graphs indicate actual heat rejection rates for the normal operating range of 

the generator, 150 to 600 MW. They do not show heat rejection rates under 

startup conditions. 

2.5.1 Temperature Profiles 

The rise in cooling water temperature is inversely proportional to the rate of 

cooling water flow and directly proportional to the rate of heat rejection 

(which itself is a function of the megawatt output). Based upon actual temper

ature data, curves of delta-T versus net megawatt output (See Figure 2-8) were 

calculated using methods of linear regression analysis. 

2.5.2 Maximum Discharge Temperature Rises 

For purposes of evaluating the effects of the discharge, the maximum discharge 

temperature rises were estimated over the year. Using the relationships in 

Figure 2-8, maximum plant load, a recirculation rate of 13% (see Chapter 7), 

and a typical pumping schedule, the maximum discharge temperature rise from 

Bowline Point is 14.8 F (8.2 C) during the period from 15 June to 15 September 

and 18.1 F (10.0 C) during the period from 16 September to 14 June. 

Although the developed relationships (Figure 2-8) are based on spring-summer 

plant operation, they can be used as a conservative estimate for the whole 

year; during the winter the plant discharges less total heat to the river. 
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In addition, these temperature rises are conservative estimates because they 

are based on the use of maximum plant capacity (600 MWe per Unit), which is far 

higher than normal average plant capacities (see Section 2.6). The recircula-

tion rate represents an average value based upon field thermal survey data. 

2.6 HISTORICAL PLANT LOADS 

2.6.1 Historical Summary of Net Generation 

A complete hourly summary of historical net generation by unit and for total 

plant for April through August from 1973 through 1976 is included in Appendix 

2.1A of O&R (1977). Because of day-night biological implications, the summary 

is segmented into daytime output (0600 to 2100 hours) and nighttime output 

(2100 to 0600 hours). This data summary is used in Subsection 2.6.2 to gener-

ate the representative diurnal generation profiles based on statistical analy-

sis of the data. The following table summarizes the monthly capacity factors 

for the entire plant from April through August of 1973-1976: 

APR 
MAY 
JUN 
JUL 
AUG 

Bowline Point Plant Capacity Factors (%) 
.19.TI J.91..!l J..9.15. J31Q. 

69.8 
74.2 
66.5 

, 63.9 
68.6 

14.0(a) 
12.7(a) 
27.7(a) 
47.9 
71.0 

65.2 
33.7 
50.7 
66.1 
71.4 

61.7 
62.7 
51.1(b) 
47.l(b) 
37.5(b) 

(a) Startup of Unit 2 and scheduled outage of Unit 1 occurred during this 
period. 

(b) Scheduled outages of Units 1 and 2 occurred during this period. 

The data summary in O&R (1977) does consider three types of outages which 

result in zero generation on either unit or both units. A forced outage 

(designated by an "F" in the data summary) is an unanticipated trip or shutdown 
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of a unit or of both units. A planned outage (designated by a IIPII) is an 

anticipated outage of a unit (never two units) for annual maintenance or 

overhaul that is scheduled several months in advance. 

A scheduled outage (designated by an liS") is a semianticipated outage of a unit 

that is scheduled only a few days before shutdown, generally to perform neces

sary repairs or unanticipated maintenance. 

Since forced and scheduled outages occur naturally during the day-to-day 

operations and cannot be specifically allocated to a generation schedule, they 

are included in the statistical analysis of this subsection as representa

tive zero data. However, planned outages can be specifically allocated to a 

set time-period and frequency and therefore are not included as zero data in 

the statistical analysis. 

Planned maintenance schedule dates are given in O&R (1977) for the future. 

2.6.2 Representative Diurnal Generation Profile 

The historical net generation data were analyzed to provide two basic descrip

tions of the daily generation cycle at the plant: representative diurnal 

generation profiles and cumulative distributions of plant capacity factors for 

each hour of the day. 

The diurnal generation profiles are presented for each month from April through 

August in Appendix Tables 2.1B-1 through 2.1B-40 of O&R (1977). The daily 

cycles of plant capacity factor are representative of operating days on which 

the maximum and minimum hourly generating loads were at least 80 percent and 

20 percent, respectively, of total plant generating capacity. The profiles show 
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that the plant typically operates at minimum levels of 20 to 30 percent of 

capacity in the early morning hours, and reach maximum levels of 85 to 95 

percent of capacity in mid-afternoon. 

To establish typical monthly plant factors for daytime operation (0600 hours to 

2100 hours) and for nighttime operation (2100 hours to 0600 hours), each 

month's data for 1975 and 1976 are averaged over the respective time periods, 

as presented in O&R (1977). The resulting day/night monthly plant capacity 

factors are summarized below: 

Month 

APR 
MAY 
JUN 
JUL 
AUG 

Representative Monthly Plant Capacity Factors (%) 
Daytime Nighttime 

(0600 hours to 2100 hours) (2100 hours to 0600 hours) 

81.2 
79.9 
80.8 
84.3 
78.1 

52.9 
59.6 
61.8 
71.1 
61.7 

The plant normally operates at less than 90 percent of capacity 30 to 60 

percent of the time during peak load hours, but at less than 70 percent of 

capacity 80 to 90 percent of the time during hours of low generation. 
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3. RIYER PHYSICS AND CHEMISTRY 

A complete description of river physics, topography, hydrodynamics, and chemis-

try is given in Chapter 3 of O&R (1977); the summary is presented here. 

3.1 TOPOGRAPHY 

The Bowline Point Generating Station is located at the upstream reach of the 

Haverstraw Bay area of the Hudson River; the area near the plant is typical of 

the wide, shallow area of Haverstraw Bay where the channel is on the west side 

of the river. The inlet to Bowline Pond, from which the plant draws its flow, 

was altered to permit greater exchange with the river; this alteration and 

plant operation has improved the water quality of the pond. Minor topographi-

cal changes were also made near the intake to facilitate the flow of water into 

and out of the plant. Other than these changes to the pond, the bottom topo

graphy of the river is relatively unaffected by plant operation. 

3.2 RIYER HYDRODYNAMICS 

The freshwater flows in the Lower Hudson River are determined mainly by runoff 

entering the river at Green Island. Because there are no gaging stations south 

of Green Island, the freshwater flow of the Lower Hudson is taken as the Green 

Island flow and corrected to account for tributaries that enter the river 

between Green Island and Wappingers Creek. The freshwater flow cycle follows a 

typical seasonal runoff pattern, with the highest flow during the spring and 

the lowest flows occurring during late summer/early fall; regulated releases 

from Sacandaga Reservoir are used to maintain the freshwater flow at Green 

Island at 3,000 cfs even during drought conditions. The long-term (1918-1975) 

annual average freshwater flow at Green Island is 13,268 cfs corresponding to a 

Lower Hudson River freshwater flow of 19,010 cfs. 
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Recent data have included the severe droughts of the early sixties and more 

recently the high-flow conditions of the early seventies. In the period 

1971-1976 the rainfall has been above normal and has resulted in a number of 

record-setting freshwater flows. 

The mean tidal flow in the Lower Hudson River varies from 425,000 cfs to zero 

at the Federal Dam in Troy. Near Bowline Point the average tidal flow is about 

150,000 cfs; the average ebb current velocity is 1.44 fps and the average flood 

current velocity is 0.96 fps. 

Net non-tidal flow refers to the circulation patterns that are related to the 

net velocity distribution, which is a result of dynamic interactions between 

the tidal currents and salinity distribution. The presence of freshwater flow 

in a system in which waters of different density are brought into contact with 

each other and vertical mixing generated by tide-induced turbulence control 

these distributions. Net non-tidal flow is important because it provides 

additional water for dilution of discharges. Its effect on dilution flow is 

weakest when salt is not present. The Bowline Point plant is located within 

the salt-intruded reach when the freshwater flow is below 26,000 cfs. This 

flow corresponds to a minimum dilution (plant flow/dilution flow) ratio of 

1:22.4. However, using the long-term average condition, the ratio is about 

1:25.8. 

The operation of the Bowline Point plant has little effect on the freshwater or 

tidal flow in the Lower Hudson River; the maximum estimated consumptive use of 

water by the once-through cooling system of the Bowline Point station is 

12 efs or 0.07% of the average freshwater flow in the river. During recent 

periods of high freshwater flow, the net non-tidal flow near Bowline Point was 
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probably lower, although it still significantly supplements the freshwater 

flows. 
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4. NEAR-FIELD THERMAL EFFECTS 

4.1 RIVER AMBIENT TEMPERATURE 

4.1.1 Introduction 

Ambient temperatures of water in the Hudson River estuary vary significantly in 

space and time, due to local, seasonal, and random variations in the many 

factors influencing these temperatures. Excluding the general geographical 

setting and climatological conditions of the Hudson River basin, water tempera

tures in the estuary are affected primarily by the following factors: 

1. Temperature of the ocean water entering the estuary during the flood 

phase of the tidal cycle 

2. Temperature and flow rate of freshwater entering the estuary 

3. Beat exchange between the body of water and its surroundings. 

The two background temperatures, i.e., those of the ocean water and freshwater 

entering the estuary, follow the general seasonal pattern of the northeastern 

portion of the United States, being lowest during January and February, and 

highest during July and August. The ocean water is generally warmer during the 

winter and cooler during the summer than entering freshwater, whose temperature 

rises and falls more rapidly than that of the ocean water during the spring and 

fall, respectively. 

These trends can be observed in Figure 4-1, in which the 1964 monthly average 

temperatures of freshwater entering the estuary at Green Island (the head of 

the Hudson River estuary) are compared with monthly average temperatures of the 

ocean water entering the estuary at its mouth. 
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4.1.2 Historical Data 

The majority of available Hudson River temperature data were collected after 

1966, although some earlier data are also available. A list of ambient river 

temperature measurements indicating (a) source of data, (b) locations of 

measurements, (c) year and month of each measurement, (d) number of measure

ments taken at a given location, and (e) mean and range of measured tempera

tures is presented in Part 4 of Appendix 4 of LMS 1975a (Volume 4). 

Figures 4-2 through 4-5 present the mean and range of ambient water temper

atures along the estuary for each month of a 12-month period. These were 

determined from available temperature data measured in the Hudson River from 

1949 through 1972. 

4.1.3 Recent Pata (1971-1976) 

Temperature data, measured in the river channel in conjunction with the monthly 

water quality sampling programs conducted over the years 1971-1976, are pre

sented in Table 4-1. In addition to the monthly sampling program, tempera-

ture data were also collected during the biological sampling program (primarily 

from 1973 on) conducted in the Bowline Point vicinity. The frequency of 

temperature measurements depended upon the number and frequency of samplings 

for the specific biological sampling program, but it was generally measured at 

least once a week during the program's early years, increasing to two or three 

times a week more recently. Although temperatures were not generally taken 

directly in a thermal plume, these data do include any residual, far-field heat 

from Bowline Point or other generating stations which discharged into the river 

during the sampling period. Figures 4-6 through 4-13 present all the temperature 
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TABLE 4-1: AVERAGE NONTHLY WATEh TEHPERATURES-
BOWLINE VICINITY - 1911-1916 

I. WATER QUALITY VALUES 
-~--~ 

YEAR JAN FEB JvJAR APR MAY JUt-J JUL AUG SEP OCT NOV DEC RAt-JGE 

1971 35.1 35.1 
1912 53.5 11.1 19.4 70.1 53·0-79.4 
1913 56.3 11.6 11.0 82.4 - 64.5 48.1 43.1 43.1-84.2 
1974 36.0 32.8 39.6 67.4 62.1 10.1 16.7 18.6 q7.454.3 51.4 36.5 32.5-79.1 
1915 33.9 34.9 31.3 49.6 66.9 13.8 79.8 16.8 65.3 48.9 33.3-80.2 
1976 34.1 40.4 41.8 58.4 61.3 78.0 16.8 10.3 61.1 45.1 38.4 34.4:-18.0 

II. SUMMARY BOWLINE POINT ~ LOVETT VICINITY CHANNEL TEMPERATURE 

1913 32.0 37.0 53.1 11.4 16.9 80.4 75.8 65.4 52.5 42.5 
1914 47.5 59.2 69.6 76.2 18.6 71.6 61.3 53.9 38.9 
1915 36.3 34.3 31.8 44.4 61.6 12.9 18.7 78.8 70.2 61.9 52.4 39.3 
1916 32.4 35.6 39.8 50.6 59.4 10.1 11.8 77.3 72.1 57.3 44.4 36.4 

*Degrees F' 
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data measured during the biological surveys in the pond and river, respec

tively, from 1973 through 1976. Each data point represents the mean of all 

depths for all biological stations in the pond and the river. 

As can be seen in the figures, the data form a distinctly sinusoidal pattern 

with an average temperature of approximately 14 C (57.2 F) and an amplitude of 

about 12.7 C (22.9 F). 

4.2 RESULTS OF BOWLINE POINT THERMAL SURVEYS 

4.2.1 Summary of Surveys 

This section of the report summarizes the results of the 14 thermal surveys 

which have been conducted at the Bowline Point Generating Station since the 

plant went into commercial operation in 1972 (Unit #1 went on line on 8 Sep

tember 1972 and Unit #2 on 13 May 1974). The results of these surveys appear 

in earlier LMS reports (LMS 1974, 1975b, 1975c, 1975d, 1976a, 1976b). 

The results of these surveys are summarized in Table 4-2, which shows the 

ambient surface temperature, maximum observed surface temperature rise, dilu

tion ratiO, and percent surface width and cross-sectional area bounded by the 

4 F (2.2 C) temperature rise isotherm as functions of various plant parameters. 

The' 4 F (2.2 C) temperature rise isotherm is used to represent the thermal 

plume because New York State thermal criteria require analyses of this iso

therm and because it approximately represents the thermal plume as defined by 

U.S. EPA, 2 C (3.6 F). 

As Table 4-2 illustrates, the surveys were performed under a wide range of 

plant operating conditions. For example, during the 14 surveys the cooling 
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TABLE 4-2'; SUMMARY OF THERMAL SURVEYS 
BOWLINE POINT GENERATING STATION & VICINITY 
SEPTEMBER 1972 - OCTOBER 1915 

UAXIMUM 
AMBIENT SURFACE DAILY AVERAGE PLANT 
SURFACE TEHP. TEMPERATURB RISE 

TIDAL TEHP. RISE . bTo(OF) 
~ IlII.VE Y DATE PHASE (OF) ~. ~m (OF) UNIT 1 UNIT 2 

B SEP 1972 FLOOD 75.0 3.4 12 .0 NA 
19 SEP 1972 HWS 74.0 3.1 10.5 NA 

EBB 74.0 3.5 - NA 
20 SEP 1972 Ellll 71.0 3.6 1l.5 NA 
10 JAN 1973 FLOOD 32.5 5.5 13.0 NA 
24 AUG 1973 l.I-lS 79.0 2.9 8.5 NA 
13SEP 1973 FLOOD 75.5 4.6 12.2 NA 

IIWS 75.5 4.3 12.2 NA 
EllB 75.0 3.3 12.2 NA 

litSi,p 1913 LI-IS 75.5 3.7 11.9 NA 
FLOOD 75.5 11.0 1l.9 NA 
Illm 75.0 2.9 11.9 NA 

-"2T0GT974 FLOOD 77.5 5.1 10.0 --
mlS 78.0 4.2 10.0 -
EUll 77 .5 5.0 10.0 -

2-9XTIG1974 EIlB 79.5 b 3.5 13.0 12.0 
I,liS 79.5b 4.6 13.0 12.0 

FLOOD 79.0 5.7 13.0 12.0 
HWS 79.5 3.7 13.0 12.0 

7 NOV 1974 foBS 57.0 4.4 7.0 10.0 
LHS 57.0 4.3 7.0 10.0 
nOOD 57.0 5.4 7.0 10.0 
III-1S 57.5 2.5 7.0 10.0 

15 APR 1975 EBIl 111.0 3.8 14.0 c 
LWS 41.0 6.5 15.0 c 
nOOD 41.5 6.7 15.0 3.0 
IHJS 42.0 3.3 15.0 .c 

18 JUN 1975 Hl~S 72.5 2.9 15.0 13.0 
EBB 73.0 2.6 15.0 o - 3.0 
LI~S 73.0 S.6b 

16.0 12.0 
nOOD 73.5 1.'1. 16.0 16.0 

18 AUG 1975 FLOOD 78.5 5.9 15.0 14.5 
II\JS 79.0 3.0 15.5 14.5 
EBIl 79.0 3.4 15.5 14.5 
LIlS 7B.5 6.1 15.5 14.0 

28 OCT 1975 HWS 57.0 2.4 14.0 c 
EIlB 57.0 2.5 14.0 c 
UIS 57.0 5.4 17.0 c 
FLOOD 57.0 4.9 17.0 c 

- -- - - -- -.~---.---

aDilut ion rat io ~ Average pI ant temperature r Lse (OF) /max imum 
bsurface temperature rise (OF); unless otherwise specified (see d) 

Maximum tabled values 
~Off line 

Di lution l"lltio calculated using the higher of the two AT IS 
o 

DILUTION RATIOa 

UNIT 1 UNIT 2 

-

3.5 NA 
3.4 NA 
3.0 NA 
3.2 NA 
2.3 NA 
2.9 NA -2.7 NA 
2.8 NA 
3.7 NA 
3.2 NA 
3.0 NA 
4.1 NA 
2.0 -
2.4 -
2.0 -

3.b 
2.7 
2.2 
3.4 
1.9 
2.0 
1.6 
3.4 

3.7 c 
2.3 c 
2.2 d 
4.6 c 

4.9 
5.8 d 

2.5 
2.2 
2.5 
5.0 
4.5 
2.4 

5.6 c 
5.8 c 
3.5 c 
3.5 c 
--~~-----

tlA - Not applicable since Unit ·2 \.tas under ·construction untU 13 May 1974 
Not available 

DAILY AVERAGE COOLING 
HATERlLOI., RATE 

(10 GPH) 
UNIT 1 UNIT 2 

316 NA 
384 NA 
- NA 

316' NA 
384 NA 
316 NA 
384 NA 
384 NA 
384 NA 
384 NA 
384 NA 
384 NA 
316 316 
316 316 
316 316 
316 3B4 
316 384 
316 384 
316 384 
316 316 
316 3L6 
316 316 
316 316 
257 c 
257 c 
257 257 
257 c 
257 257 
257 0-257 
257 257 
2'>7 257 
316 316 
316 316 
316 316 
316 316 
316 c 
316 c 
316 c 
316 c 

-

% SURFACE i. CROSS-
WIDTH BOUNDED SECTIONAL % OF TOTAl. 
BY THE TEHP. BOUNDED BY STATION LOAr 

RISE TENP. RISE (BASED ON 
ISOTHERH ISOTHERM GENERATION) 

(Lt.oF) (~4 OF) 

0.0 - 78.3 
0.0 - 77 .2 
0.0 -. 77 .2 
0.0 - 78.2 
- - 96.7 

0.0 0.1 )2.3 
0.1 1.9 98.3 
0.1 0.6 98.3 
0.0 0.8 98.3 
0.0 1.6 )99.0 
0.0 1.0 )99.0 
0.0 0.8 )99.0 
2.6 1.9 68.8 
0.3 0.5 78.7 
0.5 1.3 95.5 
0.0 0.1 99.0 
2.8 3.0 98.5 
4.9 2.8. 98.7. 
0.1 0.4 98.3 j 

0.6 0.7 75.8 
I 0.5 0.8 ·J5.9. 

2.1 0.7 76.0 
I 0.0 0.0 76.2 

0.0 0.0 40.1 i 
4.1 2.B 40.5 
1.4 1.3 56.5 
0.0 0.6 40.1 
0.0 0.0 86.7 
0.0 0.0 50.7 
1.5 1.3 85.7 
2.4 3.7 93.8 
2.9 2.0 93.3 
0.0 0.0 93.4 
O.Ob O.Ob 92.9 
7.9 5.5 93.3 
0.0 0.0 35.4 
0.0 0.0 40.6 
0.9 0.9 47.3 
1.9 0.6 45.8 



water flow ranged from 257,000 gpm (one unit on line) to 700,000 gpm (two units 

on line). Station load [based on generation (MW)] ranged from 35.4 to approxi-

mately 99% of capacity. The temperature rise through the plant ranged from 3.0 

a to 17.0 F (1.7 to 9.4 C). 

Surveys were also conducted over a wide range of ambient river temperatures, as 

shown in Table 4-2. These values ranged from 32.5b to 79.5 F (0.3 to 

26.4 C). Maximum surface temperature rises ranged from 2.4 to 7.2 F (1.3 to 

4.0 C) which, when combined with ambient river temperatures, yielded maximum 

surface temperatures ranging from 38.0 to 84.7 F (3.3 to 29.3 C). 

The 10 January 1973 survey was not an elaborate thermal survey but was designed 

only to measure the possibility of a sinking plume existing during critical 

winter conditions. The results of this survey (Lawler 1972) indicated that 

there was no consistent tendency of the plume to sink toward the bottom even 

though the absence of vertical salt gradients and low ambient temperature was 

conducive to severe sinkage. Uniform temperatures, surface to bottom, were the 

more usual case during the survey and agreed with other studies (Pease 1976). 

Additional analyses performed for the Indian Point station (Lawler 1972) 

indicated that a sinking plume occurs very infrequently, if at all, because of 

salinity gradients, temperature, and density differences present in the river 

near Indian Point. Bowline Point is south of Indian Point and more affected by 

salinity which is a major deterrent to a sinking plume. Therefore, based on 

these studies (Lawler 1972; Pease 1976) and on the angle of the diffuser, it is 

~Data supplied by O&R. 
Before Unit #2 was in commercial operation. 
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expected that the Bowline Point plume will rarely sink and when certain condi-

tions are present, will not sink but be neutrally buoyant, affecting as much of 

the bottom as the surface. 

A comparison of the field results with the thermal criteria appears below. 

4.2.2 Comparison of Field Results with New York State Thermal Criteria 

The maximum percentages of surface width and cross-sectional area observed to 

be within the 4 F isotherm during the thermal surveys were 7.9 and 5.5%, 

respectively. Both maxima occurred on 18 August 1975 when the plant was 

operating at 93% capacity, based on net generation. Both these values are 

considerably less than the state thermal criteria of 67 and 50% for surface 

width and cross-sectional area, respectively, and based on these values no 

violations are expected to occur in the future at the Bowline Point Generating 

Station. 

Figure 4-14 is a frequency plot of the maximum surface temperature rises 

(delta-T ) observed at Bowline Point. As this indicates, a delta-T sm sm 

of 7.7 F (4.3 C)occurs less than 1% of the time. Based on this frequency of 

occurrence, in order for the 90 F maximum surface temperature criterion to be 

violated (291 F [32.8 C])* the river ambient temperature must exceed 83.3 F 

(28.5 C), a temperature which has never been observed in the Bowline Point 

area. Therefore, no violation is expected since the frequency with which the 

combination of maximum ambient temperature and maximum surface temperature rise 

would be likely to occur is very small. 

*The value 32.8 C refers to 91 F, the surface temperature which cannot be 
exceeded based on the 90 F criterion. 
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4.2.3 Areal and Volumetric Dimensions of Discharge Plume 

Surface isotherm maps and cross-sectional temperature profiles for selected 

surveys conducted after May 1974 (after Unit 2 went on line) are presented in 

the Appendix. The surveys were chosen as being representative of fall (11 

November 1974), spring (15 April 1975), late spring/early·summer (18 June 1975) 

and summer (18 August 1975) 
a 

seasons . The chosen surveys represent the worst 

case for each season, i.e., the survey which indicated the largest plume area 

and/or warmest temperatures. Table 4-3 summarizes the areal and volumetric 

dimensions of the 4 F (2.2 C) (and bounding) temperature rise isotherms for the 

survey dates mentioned above. The table also presents the percentage of volume 

and surface area of the various isotherms for one upstream and one downstream 

tidal excursion. The maximum surface area of a 4 F (2.2 C) isotherm occurred 

on 18 June 1975 and was 50.5 acres. As might be expected, the maximum volume 

of the 4 F (2.2 C) isotherm also occurred on this date and was 170 acre-ft. 

Because of the large surface area and volume of the river in the vicinity of 

the plant (the distance covered by two tidal excursions), the ratios of the 4 F 

(2.2 C) isotherm areas and volumes to river areas and volumes are very small 

(see Table 4-4). 

For purposes of calculating the effects of the thermal plume, the maximum areal 

and volumetric extent of the Bowline Point thermal plume is taken from the 

18 June or 18 August 1975 surveys. These surveys represent the plume under 

normal high capacity operation (93%) and at its largest dimensions for two 

critical pumping rates during summer conditions. The lower pumping rates 

should decrease the efficiency of the diffuser and the increased buoyancy 

aNo winter surveys were conducted after both units went on line. 
than one survey was conducted during any season, the survey which 
largest thermal influence was chosen. 
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TABLE· 4 - 3: SUMMARY OF VOLUME: AND SURFACE AREA OF THE THERMAL PLUME WITH RESPECT 
TO THE 4°F AND BOUNDING TEMPERATURE RISE ISOTHERMS 
BOWLINE POINT GENERATING STATION AND 'IICINITY - 1974-1975 

TEMPERATURE HEAT LOAD SURFACE PERCENT 
TIDAL RISE ISOTHERM (BStu!OAY) AREA SURFACE VOLUME 

DATE PHASE (» OF UNn 1 UNIT 2 (ACRES) AREAa (ACRE-F'!) 

7 NOV 1974 E!!!! 3 26.5 48.0 0.83 0.012 3.56 
4 0.14 0.002 1. 72 
5 b 0.006 b 

LWS 3 26.5 48.1 3.44 0.050 25.80 
4 0.16 0.002 0.41 
5 b 0.000 b 

FLOOD 3 26.5 48.2 11.50 0.163 36.70 
4 1.15 0.016 9.76 
5 1.15 0.016 2.87 

HWS 3 26.5 48.2 b 0.000 b 
4 b 0.000 b 
5 b 0.000 b 

15 APR 1975 EEE 3 39.4 0.0 8.27 O. 117 26.60 
4 b 0.000 b 
5 b 0.000 b 

LWS 3 39.8 0.0 3.67 0.052 41.30 
4 1. 84 0.026 6.43 
5 0.92 0.013 4.13 
6 0.92 0.013 3.21 

FLOOD 3 4.0.1 15.4 7.38 0.101 111. 00 
4 1.84 0.026 32.10 
5 0.46 0.016 6.43 
I) 0.12 0.002 4.36 
7 0.12 0.002 0.92 

HWS 3 40.0 0.0 5.74 0.080 51.20 
4 b 0.000 b 
5 b 0.000 b 

18 JUN 1975 HWS 3 42.1 42.5 0.01 0.000 4.59 
4 b 0.000 b 
5 b 0.000 b 

Ellll 3 45.1 <3.8 b 0.000 b 
4 b 0.000 b 
5 b 0.000 b 

LWS 3 45.9 38.3 21.60 0.305 86.10 
4 0.92 0.013 9.20 
5 0.18 0.002 3.10 

FLOOD 3 46.3 45.5 141. 00 1.9,}S 604.00 
4 50.50 0.714 110.00 
5 7.35 0.104 26,40 
6 0.55 0.007 1.38 

18 AUG 1975 FLOOD 3 45.5 40.2 12.96 0.182 82.70 
4 1.35 0.104 75.80 
5 1. 38 0.020 12,60 

llWS 3 46.0 45.8 O.C'} O.CIO 1.84 
4 b 0.000 b 
5 b 0.000 b 

EllS 3 45.8 45.5 H.OO 0.155 59.10 
4 b b b 
5 b b b 

LWS 3 46.3 45.5 2'}.40 0.415 321. 00 
4 10.10 0.143 113.00 
5 3.67 0.052 32.10 
6 0.69 0,010 2.99 

aTwo tidal excursions (ebb and flood); surface area· 7067 acres, volume· 146,981 acre-ft, 
b see Tab le 4-4. 

No heae at tne specified temperature rise 

PERCENT P£1tCENT 
VOLUME (1 CAPACITY 

0.002 75.8 
0.001 
0.000 
0.018 75.9 
0.001 
0.000 
0.025 76.0 
0.007 
0.002 
0.000 76.2 
0.000 
0.000 
0.01~ 40.1 
0.000 
0.000 
0.028 40.5 
0.004 
0,003 
0.002 
0.076 56.5 
0.022 
0.004 
0.003 

<0.001 40. ; 
0.035 
0.000 
0.000 
0.003 86.7 
0.000 
0.000 
0.000 50.1 
0.000 
0.000 
0.059 85.1 
0.006 
0.002 
0.410 '}3.S 
0.116 
0.018 
0.001 
0.056 93.3 
0.052 
0.009 
0.001 93.1. 
0.000 
0.000 
0.041 92.9 
0.000 
0.000 
0.281 93.3 
0.077 
0.022 
0.022 



TABLE 4-4: COMPARISON OF SURFACE AREA AND VOLUME OF THE 

V-ALVES 

AVERAGEb 

Mft~"UMUM 

>4 F TEMPERATURE RISE ISOTHERMS WITH THE SURFACE 
AREA AND VOLUME FOR TWO TIDAL EXCURSIONS 
BOWLINE POINT GENERATING STATION 

SURFACE AREA OF VOLUME OF 24 F 
24 F TEMPERATURE RATIO OF TEMPERATURE RISE 

RISE (ACRES) AFFECTED AREAa (ACRE-FT) 

4.63 1: 1528 - 26.2 

50.5 1:140 170.0 

aBased on two tidal excursions- one upstream (1.9 mi), and one down
stream (3.6 mi): Volume - 146,987 ac~ft; surface area - 7067 acres 
(QLM 1971). Only 1975 and 1976 survey ditaused to calculated tidal 

bexcursions (LMS 1975b,cj1976a). 
Average of 7 Nov 1974, 15 Apr 1975, 18 Jun 1975, 18 Aug 1975; plant 
capacity ranged from 40 to 94%. 

RATIO OF 
AFFECTED 

VOLUMEa 

1:5620 

1: 865 



of the heated effluent during summer conditions also add to enlarging the 

plume. In addition, the winter plume is reduced by the decrease in total heat 

rejected to the river (Section 2.5); therefore these surveys are a conservative 

representation of the plume throughout the year. 

4.2.4 Frequency Distribution of Discharge Plume 

One definition of a zone of discharge is given in the U.S. EPA 316(a) technical 

guidance manual dated 30 September 1974 as: 

" .•. that portion of the rece~v~ng waters which is within the delta 2 C 
isotherm of the plume 30% or more of the time ...... 

The results of five thermal surveys (representing a total of 19 surface temper-

ature rise isotherm mappings) were used to determine the required zone of 

discharge; all of these represented cases where station loads (based on average 

daily generation) were 50% or more of the maximum station capacity (1200 MW, 

net). Four of the 19 isothermal maps showed surface temperature rises of less 

than 2 C (3.6 F). The five survey dates used were: 2 and 29-30 August, 

7 November 1974; 18 June and 18 August 1975 (see Table 4-2 for plant operating 

conditions). The contours drawn in Figure 4-15 represent the portion of the 

receiving water body that falls within the 2 C (3.6 F) temperature rise i80-

therm 10, 20, 30, and 40% of the time. Similar analyses for the 3 C (5.4 F) 

and 4 C (7.2 F) isotherms were not significant because of the infrequent 

occurrence of these isotherms at Bowline Point. 

4.3 VELOCITY-TEMPERATURE DISTRIBUTION - IMMEDIATE NEAR-FIELD 

Field data and hydraulic and mathematical models are capable of representing 

the near-field and far-field temperature distributions resulting from a thermal 
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discharge. The major sources of these near-field patterns are theoretical, 

mathematical models based on conservation of mass and momentum. Before startup 

of the Bowline Point station, a model of this type (Single Submerged-Jet Model; 

see Section 4.4 and QLM 1969, 1971) was used to calculate the dilution ratios 

and velocity patterns from the Bowline Point submerged discharge under flood, 

ebb and slack tidal conditions. These results are reproduced in Figures 4-16, 

4-11, and 4-18. 

Recent field data (see Section 4.2) suggest that the theoretical dilutions from 

the submerged jet model are in excess of what was measured. Based on 14 

thermal surveys, the dilutions (maximum initial temperature/surface temperature 

rise) were as follows: 

DILUTION 
TIDE RANGE AVERAGE 

Flood 1.6-3.5 2.52 
Ebb 1.9-5.8 3.46 
Slack 2.0-5.6 3·39 

In addition, field studies did not report the typical temperature patterns 

predicted by the model, i.e., continually decreasing temperature/velocities 

from a maximum at the port; instead the maximum temperature is uniform through-

out the measured water column. The field studies indicate that the submerged 

diffuser provides very good initial mixing; within the first 20-40 ft from the 

diffuser, the discharge has reached dilution ratios of 2-6. However, after the 

initial dilution, the discharge does not appear to entrain any new ambient 

water and is diluted ~ittle before reaching the river surface. Studies (Ro-

bideau 1972) indicate that for a discharge such as the Bowline Point discharge, 

there may be a limit on the amount of dilution water available. Although 

Robideau's data did not cover the lower range, this information did suggest 
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that submerged discharges with a dimensionless water depth (H = submergence/ 

port diameter) of less than 10 should have very small effective water depth, 

i.e., the depth of water in which the discharge effectively mixes. Bowline 

Point, with H = 4.5-5.5, should have little effective water depth and after the 

initial mixing would appear to be limited in the amount of dilution water that 

is available. 

Using the submerged jet model results and the average field dilutions, effec

tive water depths of 1.25,2.0, and 2.25 ft were calculated for flood, ebb and 

slack tidal conditions, respectively. Small effective depths such as these are 

in the range of what might be expected from Robideau studies and would indicate 

that all the dilution (2-6) for the Bowline discharge occurs within the first 

20-30 ft from the port and that after this point the plume bubbles to the 

surface with little additional dilutions (Figure 4-19). Accordingly, the 

velocity would decrease from 15 fps to about 4 fps within this region and 

probably decrease to ambient current or 2 fps at the surface. 

4.4 MATHEMATICAL MOPEL STUPIES 

4.4.1 Introduction 

The four mathematical models used to predict the near-field and overall temper

ature distribution from the Bowline Point discharge are briefly described in 

this chapter, along with the model predictions. These models were used before 

the plant began operation to determine the best discharge structure and effect 

on the river temperatures. For detailed information concerning the derivation 

of these models, the following references should be consulted: 
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Mathematical Model 

The Single Submerged-Jet Model 
The Upper Layer Thermal Model 
The Multi-Segment Model 
The Exponential Decay Model 

Reference 

QLM 1969, 1971 
QLM 1971 
Lawler 1973 
QLM 1971 

The results of the mathematical model predictions appear in Section 4.4.6 of 

this chapter. 

4.4.2 The Single Submerged-Jet Model 

The single submerged-jet model, which describes the behavior of a thermal 

effluent discharged through a submerged port, consists of a set of twelve 

simultaneous equations and incorporates the effects of: plant intake tempera-

ture and density; plant outfall temperature, density and flow; outfall geo-

metry, including port size, shape edging, orientation and submergence; and 

river velocity, ambient temperature and density. 

Based on the momentum conditions applying to the jet, a group of momentum 

equations can be written for the x, yand z directions (Figure 4-20); the 

equation for momentum normal to the jet axis can also be written. Expansion of 

the jet, determined experimentally, leads to three more equations, and density-

temperature relationships and heat and mass balances complete the set of 

equations necessary for solution. The complete development of the total set 

of twelve equations is beyond the scope of this report. The necessary input 

parameters, however, are shown in Figure 4-21. 

The submerged-jet model was used to evaluate the design of the discharge 

facility and to determine the compliance with the 90 F maximum surface temper-

ature criterion. Although useful in preoperational studies, the model was 

supplanted and corrected (Section 4.3) by field data once the station began 

operation. 
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4.4.3 The Upper-Layer Thermal Model 

Upper-layer models (Lawler 1973) make use of the net non-tidal flow that exists 

in partially stratified estuaries such as the Hudson; these estuaries are 

subject to a net upstream movement of seawater in their lower layers and a 

downstream movement in their upper layers. This movement is induced by density 

differences caused by the vertical and longitudinal distribution of salinity. 

This effect is often called the net non-tidal flow, but must be distinguished 

from the freshwater runoff, which is the actual difference between total 

upstream and downstream tidal movement. 

A mathematical model which uses the upper layer flow as the source of dilution 

for thermal discharges was developed. The defining differential equation for 

the longitudinal temperature distribution in the upper layer, seaward-directed 

flow is: 

in which: 

x = 
Q (x) = u 

llT (x) = u 

(K/ pC ) = p 

B(x) = 

6.T = 0 u 

distance downstream from discharge (ft) 

upper layer, seaward-directed flow (cfs) 

average temperature rise over the upper 

thermal decay coefficient ( ft/sec) 

river surface width (ft) 

(4.4-1) 

layer (F) 

F(x) = llTs/llT , upper-layer thermal stratification factor (TSF) , 
dimens~onless. 

llT (x) = surface average temperature rise (F). s 
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Linear functions were developed for the terms B(x), Q (x) and F(x) and 
u 

incorporated in the model (QLM 1971). The resulting model is capable of 

calculating the average temperature rise over the, upper level as a function of 

distance. This model was used to calculate the area-average temperature rise 

and the area-average surface temperature rise in the river as caused by the 

Bowline Point thermal discharge alone and in conjunction with the discharge 

from the Lovett and Indian Point plants. These results were then used with an 

exponential decay model (see below) to predict the percent surface width and 

cross-sectional area encompassed by the 4 F (2.2 C) isotherm. 

Because this model was an early developmental version and the results are 

comparable to those of later thermal models, this model was essentially re-

placed by the more refined multi-segment model (see below). 

4.4.4 The Multi-Segment Model 

The multi-segment model is a one-dimensional, steady-state temperature model 

which accepts up to 27 a thermal discharges along the estuary. Since the 

river in this model is segmented into 2S
a reaches, the model permits intro-

duction of more realistic values for the space-variable parameters along the 

estuary. It has been demonstrated that the multi-segment model results agree 

very well with the results predicted by the upper layer thermal model (Lawler 

1973). 

aupdated November 1975 to incl~de 38 thermal discharges and 39 reaches. 

Because this model is capable of producing an area-average temperature rise 
and surface average temperature rise along the whole length of the Lower 
Hudson River as caused by any number of discharges, it is useful in determin
ing the interaction between power plants, particularly, in this case, the 
effect of the Indian Point and Lovett ther-mal discharges on the temperatures 
near Bowline Point. These results are used with the exponential decay model 
(see below) to predict the percent area or surface width encompassed by the 
4 F isotherm. 
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In the mUlti-segment model, the differential equation governing the heat 

transport in each segment is: 

where: 

~T = tidal-smoothed, area-averaged temperature rise ( F) 

E = longitudinal dispersion coefficient (mi2/day) 

~T = surface average temperature rise (F) 
s 

p = water density (lb/ft 3) 

C = p heat capacity (Btu/lb/F) 

i = segment subscript; i = 1 , 2, 3, ... , 
Q = river freshwater flow (ft 3/day) 

A = cross-sectional area of the estuary 

nand n 

( ft2) 

K = heat transfer coefficient (Btu/ft2/day/F) 

B = top width of the estuary (ft) 

TSF = thermal stratification factor (~T I~ T) 
s 

= 28 

(4.4-2) 

The general solution of this second-order ordinary differential equation is: 

JiX K.x 
~Ti(X) C.e + D. e 1 

= (4.4-2) 1 1 

in which: 

[1± ] J i } 
Qi 

1 + 
4K i Bi (TSF)iEi Ai 

= 2A.E.; Q 2 
Ki 1 .... pC 

p i 
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where: 

C. and D. = integration constants 
1 1 

Since Equation 4.4-2 does not contain a term for the heat load, H., it is 
1 

not applicable across the segment boundaries. Consequently, for an n-s~gment 

system, n equations of the form of Equation 4.4-2 are necessary to describe 

temperature behavior along the studied section of an estuary. The integration 

constants are evaluated by applying the following boundary conditions: 

1. b.T I = 0 
x=O 

2. ~T I n = 0 

x=l: Li 
1:1 

3. b.T. n = ~T. 1 
1 1+ 

X = Z Li 
1:1 

4. 

n 
x = Z 

1:1 

where: L = segment length (miles). 

i = 1,2,3 .... , (n-1) 

n 
x = l: L.; 

i=1 1 

i = 1,2,3 ..•. , (n-1) 

In the computer program, matrix inversion was used to solve the resulting 

simultaneous equations. After the computation of b.T, the surface average 

temperature rise, b.T , is computed by the following equation: 
s 

~T = TSF • ~T s 

4-39 



4.4.5 The Exponential Decay Model 

The exponential decay model permits conversion of the cross-sectional av.erage 

behavior, predicted by either the upper-layer thermal model or the multi-

segment model, to local behavior. 

The exponential model for attenuation of temperature rise across the plane of 

discharge is: 

(4.4-3) 

in which: 

~T = temperature rise isotherm (F) 

~T = maximum temperature rise at any point in the cross section (F) 
m 

a = that portion of the cross section within which the temperature 
rises equal or exceeds ~T (sq ft) 

K = exponential decay coefficient for area (sq ft- 1) 

Similarly, the exponential model for temperature attenuation across the surface 

width is: 

t:.T = t:.T e-kb 
s sm 

in which: 

~T = surface temperature rise isotherm (F) 
s 

t:.T = maximum surface temperature (F) 
sm 

(4.4-4) 

b = that portion of the surface width within which the surface 
temperature rises equal or exceed ~T (ft) s 

k = exponential decay coefficient for surface width (ft- 1) 

The exponential decay coeffiCients, K and k, are found by recognizing that the 

curves given by equations (4.4-3) and (4.4-4) can be uniquely defined if the 

maximum and average temperature rises and the total cross-sectional area, A, 
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and surface width, B, are known. The area-average and surface-average tempera-

ture rises are respectively: 

~T 
s 

(4.4-5) 

(4.4-6) 

The adjusted one-dimensional, area-averaged model is used to compute~T. The 

surface-average temperature,4T , is equal to ~T multiplied by the thermal 
s 

stratification factor (TSF). Equations 4.4-5 and 4.4-6 are solved to obtain K 

and k. Equation 4.4-3 and 4.4-4 are then used to obtain the percentages of 

cross-sectional area (100 alA) and surface width (100 biB) corresponding to 

selected temperature rises, ~T and~T • 
s 

4.4.6 Mathematical Model Results 

Table 4-5 presents the preoperational mathematical model predictions of the 

river temperature distribution at Bowline Point due to the combined effects of 

the Indian Point, Lovett and Bowline Point generating stations. The values 

appearing in the table represent the maximum predictions obtained using the 

four models. A comparison of the predicted percent surface width (23-31%) and 

cross-sectional area (5-7%) bounded by the 4 F (2.2 C) isotherm with the state 

thermal criteria (67% surface width and 50% cross-sectional area) indicates 

that no violation of the criteria is expected to occur at the Bowline Point 

station. The maximum surface temperatures expected at Bowline Point were 

obtained by summing the predicted maximum surface temperature rises (5 to 7 F) 

(2.8 to 3.4 C), the recirculation above ambient temperature (1.0 F) (0.6 C), 

and the upriver effect above river ambient (1.5 F) (0.8 C). The maximum 

surface temperatures thus obtained ranged from 86.5 to 88.5 F (30.3 to 31.4 C) 
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TABLE 4-5: MATHEMATICAL MODEL PREDICTIONS DUE TO THE COMBINED EFFECT 
OF INDIAN POINT, LOVETT AND BOWLINE POINT GENERATING STATIONS 
ON THE TEMPERP.TDRE DISTRIBUTION IN THE HUDSON RIVER 

PARAHETER 

Maximum Surface 
Temperature Rise (OF) 

Recirculation Above 
Base Temperature (OF) 

Upriver Effect Above 
Ambient Temperature (OF) 

. f c MaxJ.mum Sur ace 
Temperature (OF) 

% Cross-Sectional Area 
Bounded by the 4°F Isotherm 

% Surface Width Bounded 
by the 4°F Isotherm 

MATHEMATICAL ~DEL 
PREDICTIONS 

5 - 7 

1.0 

1.5 

86.5 88.5 

5 - 7 

23 - 31 

NYSDEC 
THERMAL DISCHARGE 

CRITERIA 

90 

50 

67 

aThree units at Indian Point, five units at Lovett and two units at 
Bowline are assumed to be operated at their maximum rated capacity 

b ( QLM 19 71) • 
These values represent the maximum predictions obtained using the four 
thermal models. 

cThe assumed maximum river ambient temperature at Bowline Point J.S 
79°F. These values also include upriver effect (l.SOF) and 
recirculation (l.O°F). 



(based on a river ambient temperature of 79 F* [26.1 C]). Therefore, based 

on maximum mathematical model predictions, a violation of the maximum surface 

temperature criterion of 90 F at Bowline Point will occur only when ambient 

river temperatures reach or exceed 81.5 F (27.5 C). A comparison of the 

mathematical model results with the maximum observed field results (Section 

4-2) shows the model predictions to be on the whole conservative. Field 

studies have never indicated a violation of the 90 F surface criterion at 

Bowline Point, a situation that would occur only during the rare combination of 

maximum plant capacity, minimum dilution, and river temperatures of 83.5 F 

(28.6 C). 

Comparisons of the field survey cross-sectional temperatures and mathematical 

model predictions representing conditions that occurred during the field 

studies also indicate that the model predicts higher temperatures. These 

comparisons are given in LMS (1974, 1975a). 

4.5 HYDRAULIC MODEL STUDIES 

4.5.1 Introduction 

To aid in the preoperational evaluation of the time-dependent, three-dimen

sional thermal patterns produced by the Bowline Point Generating Station, two 

hydraulic models (undistorted and distorted) were tested by Alden Research 

Laboratories (ARL). 

The undistorted model (a model which has all dimensions scaled similarly) of 

the Bowline Point discharge facilities was used to investigate the near-field 

*See QLM 1971 for basis of 79 F ambient. 
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temperature behavior and to provide basic information to calibrate the dis

charge in the distorted model (a model in which one scale, usually the ver

tical depth, is proportioned differently). The distorted model, once cali

brated, was then used to investigate the thermal patterns resulting from the 

rated capacity operation of Bowline Point Units 1 and 2, Indian Point Units 1, 

2 and 3, and Lovett Units 1 through 5. The model was also used to investigate 

the influence of the proposed docking facilities and to determine the extent of 

recirculation. Both of these models were documented in detail in an earlier 

report (QLM 1971) and therefore further discussion will be limited to a pre

sentation of the model results. 

4.5.2 The Undistorted Model 

This model was used to investigate: 

Near-field temperature distribution 

Maximum surface temperature rises 

Flow patterns of the submerged jets 

Calibration of the distorted model 

Thermal discharge outfall design and hydraulics. 

A brief discussion of the pertinent test results follows. 

4.5.2.1 Near-Field Temperature Distribution 

Several temperature distribution runs corresponding to river currents ranging 

from 0 to 1 fps (prototype) for the proposed Bowline Point plant were conducted 

by ARL. Figures 4-22 through 4-24 (QLM 1971) depict typical results represent

ing temperature rises measured at 1, 8 and 15 ft below the water surface for 
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FIGURE 4-22 
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FIGURF 4-23 
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FIGURE u-24 
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two units at Bowline discharging 1,710 cfs (768,000 gpm) at a 15 F (8.3 C) 

temperature rise under river current velocity conditions of fps. 

The 1 fps river current velocity represents a long-term, summer mean (averaged 

over a tidal cycle) tidal velocity in the vicinity of the Bowline Point plant. 

At this velocity, the 1 fps model run showed: 

a. A maximum surface temperature rise of 5 F (2.8 C) enveloping a surface 

area of about 8000 sq ft (0.184 acres). 

b. A maximum lateral distance of approximately 400 ft from the outfall, 

representing about 3% of the surface width at Bowline Point subjected 

to a 4 F (2.2 C) temperature rise at the surface. 

4.5.2.2 Maximum Surface Temperature Rises 

Several runs were made consisting of continuous surface temperature measure

ments corresponding to river velocities ranging from 0 to 1 fps in the immedi

ate area of the Bowline Point outfall. These runs were conducted to: 

a. establish the transient behavior of the surface temperature rises 

b. isolate the effect of the undistorted model boundaries 

c. obtain the steady-state behavior of the surface temperature rises. 

Table 4-6 summarizes the one-unit and two-unit operation results. The maximum 

surface temperature rise values represent the highest maximum temperature rises 

recorded during the runs before apparent plume reflection (boundary interfer

ence). The ARL results (Table 4-6) show that for current speeds of 1 fps, the 

dilution ratio associated with one-unit operation is almost the same as its 

two-unit operation counterpart (2.76 versus 2.70). For a river velocity 
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TABLE 4 -6: BOWLINE UNDISTORTED MODEL 
SUMMARY OF MAXIMUM SURFACE TEMPERATURE RISES* 

A. ONE UNIT OPERATION 
1 2 3 4 5 

RIVER CURRENT PLANT COOLING MAXIMUM DILUTION 
(fps) TEMP. WATER SURFACE RATIO 

RISE FLOW TEMP. RISE (2/4) 
( F) (cfs) ( F) 

1.0 15.2 855 5.5 2.76 

0.5 14.2 855 5.2 2.73 

0.5 15.2 855 4.9 3.10 

0.0 17 .5 855 4. 1 4.27 

0.0 13.0 855 2.7 4.82 

MEAN 15.0 855 4.48 3.54 

B. TWO UNIT OPERATION 

1.0 14.8 1710 5.5 2.70 

0.75 14.7 1710 6.0 2.46 

0.50 15.7 1710 4.6 3.42 

0.45 15.0 1710 6.7 2.24 

0.25 15.0 1710 5.9 2.54 

MEAN 15.0 1710 5.74 2.67 

*QLM 1971 



of 0.5 fps, the two-unit operation dilution ratio is somewhat higher than the 

one-unit operation value (3.42 versus 3.1). Because of unavoidable boundary 

interference under two-unit operation and river velocities less than 0.5 fps, 

the stated dilution ratios are lower than expected; the results seem to indi

cate that under slack conditions two-unit operation would yield a dilution 

ratio of 4 or more. 

4.5.2.3 Flow Pattern of the Submerged Jets 

Photographic data involving dyes, etc., coupled with the predicted temperature 

measurements, supplied enough information to establish plume flow patterns for 

different river current velocities. Four one-unit operation profiles repre

senting observed centerline plume trajectories corresponding to various river 

velocities are shown in Figure 4-25. These results indicate that no more 

than 12% of the surface width at Bowline Point would be affected by the thermal 

plume. 

4.5.3 The Distorted Model 

Consolidated Edison's Indian Point Model No. III was used to evaluate the 

effect of the Bowline Point station on the Hudson River. This model, which had 

a distorted vertical scale, i.e., it was scaled differently from the lateral 

and longitudinal scales, included the Bowline Point area as well as Indian 

Point. The distorted model was used to investigate: 

- the influence of the docking facilities 

- the extent of recirculation 

- the thermal patterns resulting from the operation of two units at Bowline 

Point, three units at Indian Point, and five units at Lovett 
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The model results indicated that the docking facilities had an insignificant 

effect on the plume movement. A detailed description of the tests and results 

is presented in QLM (1971). 

Figure 4-26 depicts two representative Bowline intake temperature profiles. 

These profiles correspond to rated capacity operation of five units at Lovett 

and two units at Bowline and stretch capacity operation of three units at 

Indian Point totaling 550 BBtu/day. These results indicate that continuous 

rated capacity operation of all existing and proposed plants in the area will 

result in a maximum recirculation at Bowline of 1.5 F (0.8 C) for the surface 

layer and 1.0 F (0.6 C) for the bottom layer, with an average of about 1 F 

(0.6 C). 

The distorted model runs consisted of simultaneous rated capacity operation of 

the three plants under steady-state conditions and a drought river freshwater 

flow of 4,000 cfs. Table 4-7 summarizes the model results and compares them 

with the results of the mathematical analysis presented in Section 4.4. 

Table 4-8 compares the distorted model with the undistorted counterparts. 

4.6 COMPARISON OF MATHEMATICAL AND HYDRAULIC MODEL PREDICTIONS AND FIELD 
SURVEY RESULTS WITH THE NEW YORK STATE THERMAL CRITERIA 

Table 4-9 presents the various thermal parameters as predicted by mathemati-

cal and hydraulic models and actual field observations. The model predictions 

were obtained using maximum plant operating conditions. The values listed 

under the field observations represent the maximum values observed for all 

triaxial thermal surveys conducted (1972-1975). Maximum surface temperatures 
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TABLE 4'-7: DISTORTED HYDRAULIC MODEL RESULTS - RATED CAPACITY OPERATION 
OF LOVETT. INDIAN~POIN.L& BOWLINE EOINT GENERATING STATIONS

a 

HYDRAULIC MODEL RESULTS AT BOWLINEb (Hours After LW~at Croton Point ) 
PARAMETER 0 2.1 1.6 6.Q, .. 7d 

Maximum surface temper- 4 4 4 5 3 
ature rise ( F) 

Maximum % surface width 4 3 4 6 0 
bounded by 4 F 

Recirculation above 1.05 0.95 1.25 1.2 0.6 
base temperature ( F) 

Surface area bounded 15.4 4.85 7.34 13 .2 0 
by 4 F (acres) 

Location of plume (ft) 1200 1000 800 840 880 
from West Bank 

~QLM 1971 
Lag time between Bowline and Croton Point is 10 minutes for slack 
and 15 minutes for maximum current strength. 

~These values do not include recirculation or upriver effect. 
Includes 1 F Bowline recirculation and 1.5 F upriver effect. 

8 . .1 8 . .a _ 

5 4 

5 10 

1.15 1.3 

25.0 14.7 

720 880 

9.6 _ ... _1_1 • ..a. 

5 5 

3 4 

1.35 1.35 

43.7 30 

1200 800 

Mathematical 
Model 

Predictions 

5 to 7c 

23 to 31 

2.5d 



TABLE 4-8: COMPARISON OF UNDISTORTED AND DISTORTED 
HYDRAULIC MODEL RUNS 

QISTO,BTEId MQIdEL 
fOINTa: UNDISTORTED HOURS AFTER LWS AT CROTQN 

PARAMETER UNITS MQIdEL 0 2.1 3.6 6 

Maximum surface 
isotherm value F 5 4 4 4 5 

Locat~on of 
plume ft 600 1200 1000 800 840 

Surface area 
bounded by 4 F

C acres 2 15.4 4.85 7.34 13.2 

aThese values represent four flood phases observed during the flood 
cycle and were used since the undistorted model values correspond 
to a mean flood condition of 1 fps. Of these four columns the river 
flow corresponding to the 3.6 hours values is closer to the 1 fps 
flow condition than the other three sets. Therefore, their use for 
comparison with the undistorted model results is more valid. 

bplume location is defined as the horizontal surface distance between 
the diffuser and the center of the plume. 

cA wider grid system was used in the distorted model, i.e., tempera
tures higher than those listed above may have occurred between grid 
points. 



TABLE 4-9: COMPARISON OF MATHEMATICAL AND HYDRAULIC MODEL PREDICTIONS AND FIELD 
RESULTS DUE TO THE COMBINED EFFECT OF INDIAN POINT, LOVETT AND BOWLINE 
POINT PLANTS ON HUDSON RIVER TEMPERATURE DISTRIBUTION AT BOWLINEa 

MATHEMATICAL HYDRAULIC FIELD NYSDEC 
MODEL MODEL OBSERVATIONc THERMAL DISCHARGE 

PARAMETER PREDICTIQNSb PBEDICIIQNS .. _J.DATEl CRITERIA 

Maximum Surface 
Temperature Rise (F) 5 - 7 3 - 5 7.2 (18 JUN 75) 

Recirculation Above 
Base Temperature (F) 1.0 0.6 - 1.35 

Maximum Surface 
d 

Temperature (F) 86.5 - 88.5 82.6 - 85.35 84.7 (29 AUG 74) 90 

% Cross-Sectional 
Area Bounded by the 
4 F Isotherm 5 - 7 7.5 (18 AUG 75) 50 

% Surface Width 
Bounded by the 4 F 
Isotherm 23 - 31 3 - 10 7.9 (18 AUG 75) 67 

aMathematical and hydraulic model predictions assume two units at Bowline Point, five units 
at Lovett, and three units at Indian Point are operating at their maximum rated capacity; 
predicted values are based on an ambient river temperature of 79 F and are taken from QLM 

b(1971). 
These values represent the maximum predictions obtained using four mathematical models 
(LMS 1978:pp. 4-32 to 4-42), upriver discharges resulted in an additional 1.5 F temperature 
rise above ambient. 

cThese values represent the maximum field observations as obtained form all the triaxial 
dthermal surveys (1972-1975), 

These values include a recirculation temperature rise of 1.0 F and a temperature rise of 
1.5 F from upriver discharges. 



were calculated for the models assuming a maximum river ambient temperature at 

Bowline Point of 79 F (26.1 C) (QLM 1971). 

The mathematical model predicted values slightly higher than field observations 

while the hydraulic model compared well with the field data. Both models and 

the field results show maximum values less than the stipulated 90 F surface 

maximum temperature criterion. The maximum observed percentage of the cross

sectional area within the 4 F (2.2 C) isotherm at the plant was 7.5%, which is 

well within the state criterion of 50%. The mathematical model predicted 

values slightly below field observations. The hydraulic model did not predict 

cross-sectional areas of the L4 F (2.2 C) temperature rise isotherms. Although 

the maximum percentage of surface width (predicted) was 31%, this value is 

still much less than the state thermal criterion of 67%, the field data showed 

a maximum of 7.9%. 

4-57 



5. FAR-FIELD THERMAL EFFECTS 

5.1 INTRODUCTION 

Far-field thermal effects refer to the residual heat from a thermal discharge 

that is moved downstream after the initial mixing in the near field. It is in 

the far field that the majority of the artificially discharged heat is ex-

changed into the atmosphere, particularly .in the cases of submerged discharges 

which enhance the mixing of effluent with the river water. 

Far-field heat is difficult to measure in the field because of the extensive 

distance over which measurements must be taken, and the variations in river 

ambient or natural heat inputs which obscure the distinction between natural 

and artificial heat. Mathematical models are useful in analyzing the far-field 

effects because of the ease they permit in removing the artificial heat input. 

5.2 MATHEMATICAL MODELS 

A far-field, one-dimensional, multi-segment model was useful for analyzing the 

effects of the Bowline Point discharge and other discharges on the Hudson 

River. This model is described in Section 4.4, Mathematical Models. 

5.3 RESULTS 

Figure 5-1 shows the average river cross-sectional temperature rise profiles 

(~T) and surface average temperature rise (~T ) predicted by the multi-segment 
s 

model. These profiles were predicted with respect to individual discharges of 

the Roseton, Bowline Point and Indian Point Generating Stations. The combined 

effect of these plants, in additon to the Lovett and Danskammer Point stations, 

are presented in Figure 5-1. The model predicts a river cross-sectional, 
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tidal-average temperature rise of approximately 0.4 F (0.2 C) for the Bowline 

Point station (see Lawler 1972) and 1.6 F (0.9 C) for the combined effect of 

five stations in operation at 100% load capacity. 

It should be noted that studies comparing the model predictions with actual 

observed data show that the model is conservative, i.e., predicts higher 

temperature rises eLMS 1974, 1975a). In addition, these data show the effect 

of the combined plants under drought flow and maximum plant operation, which 

represents the worst possible situation. 
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6. TIME-TEMPERATURE PROFILE FROM DISCHARGE PORT TO 1 C ISOTHEFWl 

Only a preliminary time-temperature profile from discharge port to 1 C (1.8 F) 

isotherm can be calculated from available data. Field surveys have tracked the 

discharge plume only during certain time periods (usually 1-2 hours at a time) 

centered around slack or maximum current conditions. No continuous recording 

of the discharge water andlor its temperature decay has been performed, other 

than that associated with the near-field plume measurement during the thermal 

surveys. Thus, while the time-temperature profile can be tracked for one tidal 

phase, a gap exists between tidal phases, and it is not known whether or not a 

particle of water at a certain temperature is continued into the next measured 

tidal phase. Since the discharge plume occupies only a small portion of' the 

river, and the area-averaged temperature rise above ambient is less than 1 C 

(1.8 1'), it must be determined whether or not a water particle can be moved 

downriver or upriver with the plume and reverse direction with the tidal 

change, and still remain in the narrow band of water that encloses the plume. 

For this analysis, the time-temperature profile will be assumed to be within 

one tidal phase and although the profile may continue for a short time into the 

next tidal phase, it will be quickly mixed and diluted below 1 C (1.8 F). 

Results of the thermal surveys appear to support this assumption, despite the 

gaps in the data. 

A review of thermal surveys for the Bowline Point vicinity indicates that the 

longest plume occurs during maximum ebb, when the plume extends downriver for 

some distance. Figure 6-1 illustrates the surface plume as measured on 2 

August 1974 during a maximum ebb tidal current; the surface plume is used in 
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this analysis because it represents the longest and warmest plume. Similarly, 

thermal survey data (see Appendix) indicate that the surface plume during flood 

tide is also critical, although usually slightly warmer in the near field 

and cooler in the far field than during ebb tide. Figure 6-2 depicts the 

plume length vs. temperature rise above ambient during ebb and flood tide 

for seven thermal surveys and indicates that the plume length is dependent 

on seasonal conditions. As the bottom plot on Figure 6-2 indicates, the 

longest plume occurs during the summer. Using the plume distances as indicated 

on Figure 6-2, and average ebb and flood current velocities of 1.44 and 

0.96 fps, respectively, Figure 6-3 illustrates the maximum time-temperature 

profile from the discharge to the 1 C (1.8 F) isotherm during spring-fall 

conditions and summer conditions. 

The time-temperature plot (Figure 6-3) and previous analysis (Figure 4-19) 

indicate three mixing zones for the discharge; the first is the rapid initial 

dilution within the first 20 to 40 ft from the jet. In this zone the discharge 

temperature is diluted from the condenser-induced temperature rise to within 4 

to 7.2 F above ambient; this occurs within 4-10 seconds of discharge. In the 

second zone the jet momentum is dissipated with some decrease in temperature 

rise; this zone occurs within 20-30 minutes from the discharge. The third zone 

covers the movement of the plume by tidal currents and the gradual decrease to 

ambient temperatures. 

The minimum time in the heated plume is for a water particle (winter or summer) 

on the edge of the plume; this particle is mixed immediately with river water 

and goes from the discharge temperature (8.8 C, 15.8 F) to 1 C (1.8 F) within a 

few seconds. 
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7. RECIRCULATION 

Recirculation can be defined as the process by which some portion of a dis-

charge flow is drawn into a plant intake and passes through the circulating 

water system. 

Estimates of recirculation at the Bowline Point plant were calculated by three 

methods: thermal field survey, dye study, and the mathematical slug method in 

O&R (1977). The results of these analyses will be summarized in this section. 

The results of several thermal surveys at Bowline Point were used to calculate 

rates of recirculation. Only the most accurate temperature data were used, but 

even these had variability to +1 F (0.6 C), which translates to an accuracy of 

±7% in recirculation rate (based on plant temperature rise of 15 F [8.3 C]). 

Using the available thermal data which cover a variety of plant flows, river 

temperatures, and freshwater flow, the average thermal recirculation was 

calculated as 12.9%, with a tidal variation as given below: 

Tidal Phase 

Flood 
High Water Slack (HWS) 
Ebb 
Low Water Slack (LWS) 

Percent Recirculation 

11.9 
13 .2 
14.8 
11 .6 

Continuous dye injection (EAI 1977) into the Unit discharge of Bowline Point 

Generating Station was used to simulate the thermal equilibrium achieved 

between the intake and discharge waters of the plant. Relationships based upon 

the continuity and mass balance equations were used to relate observed intake 

and discharge concentrations to the recirculation of cooling water. Over an 

average steady-state tidal cycle, recircultion varied from approximately 12% 

at low tide to 14.3% about halfway between low and high tide. The average 

recirculation was 13%. 
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This value is representative of recirculation during the survey, which was 

performed during normal plant pumping conditions (632,000 gpm for the total 

plant), summer ambient temperatures, and a relatively high freshwater flow for 

the time period (12,000-30,000 cfs measured at Green Island). 

A theoretical estimate of recirculation for the Bowline Point plant was ob

tained using the slug method. The method was used for maximum capacity condi

tions as a tool to estimate parameters affecting recirculation. The conclu

sions are as follows: 

1. Based on maximum cooling water flow the at Bowline Point plant 

(768,000 gpm) and a discharge mixing zone width of 800 ft from shore, 

the average recirculation was 19.8% (20.3~ during ebb and 19.2% during 

flood). 

2. The analysis showed that the major parameter governing the rate of 

recirculation was the lateral extent of the thermal discharge plume; 

doubling this distance decreased the recirculation by half. The 

width used was representative of the tight discharge pattern observed 

during the winter and agrees fairly well with the results of the field 

surveys (corrected for plant flow). This relationship of recircula

tion and discharge zone is important because it helps to explain the 

results obtained by the field thermal surveys. 

3. The analysis also showed that recirculation is directly proportional to 

plant flow (e.g., doubling the plant flow doubles the recirculation). 

Although the model indicates a definite relationship, it does not 

account for conditions which may alter this relationship. For example, 

this far-field model is not applicable in the near field, and thus does 
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not account for the increased mixing and greater discharge zone asso

ciated with greater plant flow. It also does not account for slack 

tidal phases and possible direct recirculation. Thus, it is not 

possible to correct a half flow condition to full flow by doubling the 

percent of recirculation since an inverse relationship of increasing 

the discharge width must also be taken into consideration. The op

posite effect of increased plant flow is that the discharge zone width 

is increased by the greater port velocitYi by increasing the discharge 

zone the recirculation decreases. Theoretically, and supported by some 

field data, the overall change in the discharge zone due to changes in 

plant flow is not as great as the direct effect that can be traced to a 

change in the volume of water discharged. Thus it may be concluded 

that decreasing the plant flow will have an overall effect of decreas

ing the recirculation. 

7-3 



8. EFFECT OF BOWLINE POINT OPERATION ON RIVER DISSOLVED OXYGEN 
AND EFFECT OF CHLORINATION 

8.1 DISSOLVED OXYGEN 

A description of dissolved oxygen (DO) in the Hudson River is given in O&R 

(1977); this section will discuss the effect of the operation of Bowline Point 

on the river DO. 

In order to estimate this effect, a mathematical model (Lawler 1972, 1973) was 

used to simulate in-plant DO losses through the power plant circulating water 

system. That model was then verified using DO measurements taken at the 

Bowline Point intake and discharge by LMS (1974, 1975b), and used to predict 

losses under maximum summer and winter river temperature conditions. Those 

results are presented below: 

1. Based on the mathematical model (verified by field studies), the 

passage of cooling water through the Bowline Point station will reduce 

the DO concentration in that water by approximately 0.90-1.50 mg/l 

during the winter or early spring when the DO in the river is at its 

highest level (usually less than 100% saturation). There is a smaller 

decrease in DO, on the order of 0.02-0.97 mg/l (based on a plant flow 

of 316,000 gpm) during the summer. 

2. As a result of the loss of DO in the circulating water, DO in the river 

at Bowline Point is reduced a maximum of about 0.08 mg/l (0.55% loss) 

during the winter, at an average flow of 24,000 cfs and by 0.16 mg/l 

(1.97% loss) during the summer, based on the seven-consecutive-day low 

flow of 3,500 cfs. 
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3. Since the in-plant DO losses are small and generally less than the 

natural fluctuations in DO, it is expected that the operation of the 

Bowline Point station will have an insignificant effect on the DO in 

the river. 

8.2 CHLORINATION 

Sodium hypochlorite (15% solution) is periodically added to provide chlorina

tion of the cooling water, in order to minimize slime growth in the condenser 

(for a discussion of the chlorination system, see O&R 1977). 

Under present operating conditions the condenser cooling water for each unit 

is chlorinated separately once each day for 30 minutes during the time interval 

when the water temperature of the Hudson River is above 50 F (10 C). This 

temperature is usually attained in late spring and typically remains above 50 F 

(10 C) through mid-fall. 

Recent plant operations (1976 and 1977) has been such that the cooling system 

was chlorinated whenever slime growth became a problem, a situation that 

occurred infrequently. It is expected that the operating procedures will be 

altered to reflect this lack of slime growth and minimal use of chlorine. 

Until other changes are instituted, however, the expected procedure is for the 

chlorination rate described above to be continued, but only three times each 

week instead of daily. At this rate, 115.4 Ibs/week of free residual chlorine 

will be discharged to the river, based on an average discharge concentration of 

free residual chlorine of 0.2 mg/l with a maximum of 0.5 mg/l. 

Studies (LMS 1974, 1975a) at Indian Point and Bowline Point Generating Stations 

indicate an initial river chlorine demand of 0.8 mg/l at an initial laboratory 
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test concentration of 2.5 mg/l, and therefore a chlorine demand to initial 

chlorine concentration ratio of 0.32; during other studies, ratios of 0.62 to 

0.85 were observed. Based on a discharge concentration of 0.2 mg/l free 

residual chlorine and the various dilutions encountered in the plume, the 

concentrations of free residual chlorine in the plume are as follows: 

FREE RESIDUAL CHLORINE (mg/l) 

RI~~H DEMAND RATIQS 
Dilution Ratios 0.32 0.85 

Initial Minimum = 1.6 0.1075 0.0838 (refers to Max. T ) 
s 

Average Initial = 3.23 0.0425 0.0229 

Dilution to 4 F = 3.75 0.0349 0.0173 (based on ~T = 15 F) 
0 

Dilution of 2 F = 7.5 0.0140 0.0048 (based on ~T = 15 F) 
0 

The above calculations of free residual chlorine do not account for the 

reduction of chlorine by ultraviolet light, a factor which may be significant 

especially since the residual chlorine will be in the thermal plume, which is 

basically a surface plume outside the diffuser area. Also the dilutions used 

in this analysis are based on steady-state assumptions while the actual dis-

charge will represent at worst a one-hour dosage, three times weekly, if each 

unit is chlorinated back to back, or a half-hour dosage, six times weekly. A 

dosage discharge may have higher dilutions because there will be no residual 

buildup in the dilution water, i.e., the dilutions used in the thermal analysis 

are low because of recirculated heat from the continuous discharge of heat. 

In addition, the dilution values are based on either one-unit operation or 

two-unit operation with no discharge through one unit while the other is 

8-3 



discharging flow with no concentration. Separate chlorination of each unit 

while the other unit is operating, should dilute the discharge concentration by 

half, although it was not taken into account in the above analysis. 

Ultraviolet decay, other river demands, and dilution by the river flow will 

prevent any buildup of free residual chlorine in the river. 
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